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Introduction 


gerne in endocrinology have paralleled or 
4% even surpassed many other fields of special 
interest in medicine. In turn, the modern 
surgeon has found it necessary to add the 
terminology of the adrenal physiologist as well 
as the endocrinologist to his general fund of 
knowledge, and to become familiar with a 
variety of new and exciting hormones including 
their mechanism of action and associated 
clinical phenomenon. 

Since individual experience with the less 
common endocrine problems may be extremely 
limited, it may be difficult for the busy surgeon 
to familiarize himself with recently recognized 
syndromes and to assess the measures advo- 
cated for their control. Furthermore, few, if 
any, surgeons attend the scientific deliberations 
of the many endocrine societies in this country 
ind abroad. 

Conscious of these facts, Dr. Robert Zollinger, 
Editor of The American Journal of Surgery, sug- 
zested a monograph on “Surgery and the 
Endocrine Glands” which was to include the 
nost practical, up-to-date information avail- 
ible concerning endocrine disorders amenable 


to surgical intervention together with the use of 
hormone therapy and endocrinectomy to in- 
fluence non-endocrine disorders of interest to 
the surgeon, i.e., advanced inoperable malig- 
nancy. Replacement therapy for endocrine 
deficiencies encompassing the current thinking 
on endocrine homografts and the value of 
adjunct anabolic hormones in surgical patients 
has been included and should be of equal inter- 
est and assistance not only to the surgeon in 
practice but also to the surgical house officers 
on the wards or in the experimental laboratories. 
Finally, new approaches to certain fundamental 
problems appear throughout, indicating the 
broad background of the authors collaborating 
in this monograph. 

I am indeed grateful to the many contributors 
to this special issue whose interest, enthusiasm, 
and concise and authoritative writing made my 
task as Guest Editor so wonderfully simple. 


Epwin H. EL Ison, M.p. 

Department of Surgery, 

Marquette University School of Medicine 
Milwaukee, Wisconsin 
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YPERPARATHYROIDISM has emerged as a dis- 
H ease of greater frequency than was gen- 
erally supposed twenty years ago. The disease 
is still rarely diagnosed from the primary effects 
of the glandular imbalance. Rather it is diag- 
nosed on the basis of a complication of the 
excessive secretion of parathyroid hormone. 
The hormone has been found to affect an in- 
creasing number of tissues and organs. In addi- 
tion to resorption of calcium from the bones, 
derangements of the kidneys, stomach and 
duodenum, the pancreas and the central 
nervous system have all been found to be 
occasionally associated. These derangements 
are in most part secondary complications rather 
than primary effects. The diagnosis often is 
made only by keeping the possibility in mind 
and ruling out its presence in people with dis- 
ease which at first sight should have nothing to 
do with hyperparathyroidism. Today the only 
effective treatment remains surgical, and since 
the surgical problem is stubborn in nearly 20 
per cent of the cases, it behooves the surgeon 
desiring to care for patients with this disease to 
obtain the special knowledge and _ technic 
needed for satisfactory therapy. 


CLINICAL DIAGNOSIS 


The multiplicity of forms in which hyper- 
parathyroidism exhibits itself is best under- 
stood through the Ahistoric perspective of the 
discovery and unfolding of the disease. Hyper- 
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parathyroidism was discovered in Austria and 
the United States almost simultaneously al- 
though by different approaches. The classic 
form of bone disease had been described in 1891 
by von Recklinghausen in Strasbourg [1]. In 
1903, Askanazy of Konigsberg found a para- 
thyroid adenoma in a patient dying with this 
bone disease [2]. Because of the experimental 
work and the influence of Erdheim of Vienna, it 
was assumed that the parathyroid enlargement 
was secondary to the bone disease. In experi- 
ments with rats, Erdheim had demonstrated 
that the parathyroids enlarged in such condi- 
tions as vitamin D deficiency and pregnancy [3]. 
Schlagenhaufer of Vienna, however, was the 
first to suggest in 1915 that the parathyroid 
enlargement might be the cause of the bone dis- 
ease [4]. This suggestion was first put to the test 
in 1925 by Felix Mandl; a surgeon of Vienna, 
who removed a parathyroid tumor from a pa- 
tient with this classic bone disease [5]. The 
improvement in the patient after operation 
proved the nature of the relationship, and the 
disease hyperparathyroidism was established. 
In the United States, DuBois and Aub studied 
metabolically a patient suffering from von 
Recklinghausen’s disease of bone [6,7]. They 
were not aware of the pathology of the disease, 
believing it to be osteomalacia, but determined 
that the abnormalities of calcium and phos- 
phorus metabolism were similar to those which 
should occur had the patient been injected with 
parathormone. The patient, a famous sea 
captain, was operated upon with a metabolic 
diagnosis of hyperparathyroidism in April 1926. 


Hyperparathyroidism 


Jnfortunately, the surgeon was unaware of the 
‘uropean experience and knowledge of pa- 
hology and, therefore, did not know what to 
eek. The parathyroid adenoma in this patient 
vas not found until the seventh operation in 
932. 

In the six years from 1926 to 1932 a number 
ff isolated cases of hyperparathyroidism were 
dentified throughout the world. In reviewing 
he reports of these cases, Fuller Albright was 
truck with the fact that 80 per cent of the pa- 
ients were said to have had kidney stones. The 
ea captain, whose kidneys were apparently 
1ormal in 1926 when first studied, had renal 
alcification and obvious kidney stones in 1932 
vhen he returned to the Massachusetts Gen- 
eral Hospital for reoperation. These findings 
mmediately suggested the possibility that 
hyperparathyroidism might be found among 
patients with renal stones. Albright initiated 
the screening of patients with renal stones with 
this possibility in mind [8]. Within two weeks a 
patient with renal stones and hyperpara- 
thyroidism was identified and operated upon. 
This initial patient did not have the classic bone 
disease of the von Recklinghausen type, only 
mild decalcification. It was not long before pa- 
tients were found with renal stones, hyper- 
parathyroidism and no evidence of bone disease 
either by roentgenographic study or multiple 
biopsies of bone. It was thus established that 
hyperparathyroidism could cause renal stones. 

The third step came when urologists in this 
country began screening their patients for 
hyperparathyroidism. Three to 10 per cent of 
patients with renal stones proved to have 
hyperparathyroidism. Before many years passed 
it was found that patients with renal stones and 
no demonstrable bone disease were a more fre- 
quent type of hyperparathyroidism than those 
with bone disease. From the metabolic point of 


view, hyperparathyroidism was more commonly + 


identified by renal stones than by the original 
concept of its being a bone disease [9]. In those 
areas of the world where medicine was based 
predominantly on pathology, such as the 
continent of Europe, hyperparathyroidism 
continued to be recognized only as a bone dis- 
ease. In contrast, in the United States, where 
metabolic derangements were of greater inter- 
est, the disease soon became more widely 
appreciated. 

The next step of the unfolding of wider 
clinical implications of disordered parathyroid 


function did not come until several years later. 
Working in pathology in the Mayo Clinic in 
1944, Rogers found a parathyroid adenoma in 
each of two patients dying with a peptic ulcer. 
He had learned from Castleman the discipline 
of identifying the parathyroids in every autopsy 
he performed. Reporting his findings to Ray 
Keating, patients with peptic ulcerations were 
immediately screened for hyperparathyroidism 
[ro]. 

As with the patients having renal stones, 
Rogers and Keating brought to light that a 
small percentage of patients who apparently 
have a routine variety of peptic ulceration, 
ulcers of either stomach or duodenum, have 
hyperparathyroidism. Relief of the glandular 
imbalance is associated with prompt healing of 
the ulcer. The exact percentage has not been 
reported. It is presumably small, but for the 
patient it is essential to identify the glandular 
abnormality since both surgical and medical 
efforts to cure or control the ulceration are 
attended by complications. If the ulcer is 
treated surgically before correction of the 
glandular abnormality, recurrence of the ulcer 
is likely and stubborn. Medical therapy of the 
ulcer with milk and alkali may result in renal 
damage, in extreme cases the so-called milk- 
alkali syndrome. 

The reason for the development of renal 
stones in hyperparathyroidism is obvious. The 
excessive excretion of calcium through the 
kidneys results in precipitation of calcium 
stones. The reason for the ulcer is not at all 
clear. It is possible that the hormone has a 
direct effect upon the gastric mucosa in some 
way leading to ulceration. It is equally possible 
that the ulceration is secondary to an influence 
on the autonomic nervous system since a change 
in calcium ion concentration is known to alter 
nerve sensitivity. A change in the para- 
sympathetic tone may lie behind the ulceration 
with increased vagal activity and secretion of 
the acid peptic juice. 

The next clinical entity found to be asso- 
ciated with hyperparathyroidism was pan- 
creatitis [11]. In 1950 a patient with known 
hyperparathyroidism developed overwhelming 
acute pancreatitis and died. In retrospect, 
previous attacks of abdominal pain were also 
due to milder attacks of pancreatitis, the mean- 
ing of which had been overlooked. The blood 
calcium level was followed in another patient 
who had had several attacks of recurrent acute 
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pancreatitis. The calcium level was found to 
have fallen only slightly during a severe attack. 
Perry Culver’s suspicion was aroused and he 
observed the calcium level further. After 
subsidence of the attack the calcium level rose 
to above normal and the diagnosis of hyper- 
parathyroidism was made. Surgical relief of the 
hyperparathyroidism in this patient has been 
followed by the disappearance of the pan- 
creatitis. Since the experience with these two 
cases, other patients with pancreatitis and 
hyperparathyroidism have been identified. The 
screening of patients with pancreatitis, there- 
fore, like those with kidney stones or peptic 
ulcer, appears to be worthwhile. Review of the 
autopsy reports of patients dying with hyper- 
parathyroidism revealed a number in whom 
evidence of calcification of the pancreas was 
present. Some of these patients may have had 
clinical pancreatitis. 

The reason for pancreatitis in hyperpara- 
thyroidism, as in the case of peptic ulceration, 
is obscure. Several possibilities include im- 
balance of the autonomic nervous system and 
alterations in ion concentrations in the pan- 
creatic secretions resulting in premature activa- 
tion of trypsinogen. 

The primary symptoms of parathyroid over- 
activity are so obscure and uncharacteristic 
that they can scarcely be relied upon to call 
attention to the diagnosis of hyperparathyroid- 
ism. What are the known effects of the excess of 
hormone and what symptoms does each 
engender? There are three established metabolic 
changes upon which the diagnosis ultimately 
depends. They and the symptoms they cause 
are: 

1. A decrease in the blood level of phosphorus 
is generally present even in the mildest form of 
the disease. Such decrease in phosphorus is not 
associated, as far as presently known, with any 
sort of symptom complex. A comparable de- 
crease in the blood phosphorus level is asso- 
ciated with insulin activity, and no symptom is 
known to exist during this phase of digestion. 

2. An increased excretion of calcium and 
phosphorus through the kidneys is a char- 
acteristic of the disease. The excess of calcium 
may result in stones, as has already been 
indicated. The excess of both may also play a 
role in the diuresis. Thirst and urinary fre- 
quency are common symptoms, usually only of 
mild degree and not noticed until after the 
correction of the glandular abnormality. In an 


occasional patient, however, they are marked 
and a diagnosis of diabetes insipidus is occa- 
sionally considered. The diagnosis of hyper- 
parathyroidism should thus be kept in mind in 
all patients with polydyspnea and polyuria. 

3. The most characteristic disturbance is the 
rise in the blood serum calcium level. Symp- 
toms are associated with this rise since the 
calcium level influences neuromuscular irrita- 
bility and muscle tone. The rise causes muscular 
relaxation and fatigue. 

Fatigue once led to a diagnosis of hyperpara- 
thyroidism. It is a common symptom, usually 
only of mild degree, and not appreciated by the 
majority of patients until the glandular 
abnormality has been corrected. It is presum- 
ably a direct effect of the high blood calcium. 
Muscular relaxation is noticeable in most pa- 
tients with a blood calcium level of 14 mg./100 
cc. or over. This can be demonstrated on physi- 
cal examination by hyperextending the wrist. 
In the person with a normal calcium level when 
the wrist is hyperextended quickly, the hyper- 
extension ends abruptly in a firm impasse. In 
patients with hypercalcemia the finite end 
point is missing and the hyperextension is 
continued against a sponge-like resistance. 
Following correction of the hyperparathyroid- 
ism, normal muscle tone returns and the over- 
extension ceases. The muscular relaxation 
associated with hypercalcemia also results in 
tripping, and an occasional patient can be 
recognized as he walks along dragging the toes 
of his feet. With return of the normal calcium 
level postoperatively the toes are lifted from 
the floor and tripping ceases. 

Lassitude accompanies the fatigue and dis- 
appears with correction of hyperparathyroid- 
ism. Backache is also a common complaint. It 
may be mild to severe and is not dependent 
upon the presence of overt bone changes in the 
spine. It too disappears generally following 
operation along with the lassitude and fatigue 
and may be due to the relaxation of the 
muscular support of the spine. We all suffer 
from lassitude, fatigue and backache to some 
degree and, therefore, these symptoms are so 
uncharacteristic that they cannot be depended 
upon to make the diagnosis. If they are present, 
however, they lead to an increased suspicion. 
Like thirst and urinary frequency, they are to 
be classified as primary symptoms of the 
metabolic disorder. 

Mental symptoms presumably due to the 
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levation of the calcium level in the blood are 
,ot infrequent and occasionally provide a clue 
o diagnosis. The symptoms vary from person 

» person. Sometimes they are completely 
bsent even in patients with a calcium level as 
igh as 16 mg./100 cc. The patient is often 
inaware of them and recounts them only after 
orrection of the glandular abnormality. The 
wredominant symptoms are confusion, loss of 
cuity and memory. Irritability is sometimes 
ound, and may be stubborn and unexplainable 
o the patient and family. 

A more serious disturbance of the central 
1ervous system appears also to develop as a 
‘onsequence or complication of hyperpara- 
thyroidism. Two of our patients had transitory 
attacks of hemiplegia. Since correction of the 
hyperparathyroidism there has been no return 
the episodes. 

Hypertension may be an occasional clue to 
the diagnosis of hyperparathyroidism. Ap- 
proximately one-third of the patients seen at 
the Massachusetts General Hospital had some 
degree of hypertension which disappeared after 
correction of the hyperparathyroidism. Hyper- 
tension led to the suspicion of the diagnosis in 
two cases. The experience with the two afore- 
mentioned patients indicates that hypertension 
may also be a symptom complex for which pa- 
tients should be screened for the possibility of 
hyperparathyroidism. 

Use of Diagnostic Leads. The symptom 
areas which hyperparathyroidism may either 
produce or be associated with are widely dis- 
tributed. It would be ridiculous and over- 
whelming to suspect hyperparathyroidism in a 
patient with every kind of a complaint. Some 
reason and order, therefore, must be made out 
of this confusion of symptoms. The following 
diagnostic leads should prove useful. 

In all patients with any type of bone disease 
hyperparathyroidism should be suspected. In 
the classic form of von Recklinghausen’s dis- 
ease, the diagnosis can occasionally be made 
clinically and more often certainly by roent- 
genogram. In the advanced case, laboratory 
confirmation is scarcely needed. This type has 
been so well described that it needs no elabora- 
tion. It must be emphasized, however, that 
since the disease is fundamentally a hormonal 
one the distribution of the skeletal abnormali- 
ties is diffuse. It is, therefore, essential to 
visualize a number of bones roentgeno- 
graphically in strategic parts of the skeleton to 


indicate that the distribution is truly gen- . 
eralized and not segmental. Localized or 
segmental bone diseases such as fibrous 
displasia of bone, Paget’s disease and metastatic 
malignancy invading bone will otherwise be 
confused with hyperparathyroidism. A number 
of patients with these diseases have been 
needlessly operated upon with the mistaken 
diagnosis of hyperparathyroidism because of 
the failure to realize that the characteristic 
distribution in all of these is not generalized. 

Fibrous displasia of a single bone results 
in a roentgenographic picture frequently in- 
distinguishable from advanced von Reck- 
linghausen’s disease. Microscopic section of 
biopsied cortex and marrow may also be 
distinguished only with difficulty. Paget’s dis- 
ease sometimes occurs simultaneously in pa- 
tients with hyperparathyroidism. Its presence 
does not, therefore, exclude hyperparathyroid- 
ism. Advanced von Recklinghausen’s disease of 
the skull may closely resemble extensive Paget’s 
disease of the skull, but in each of these the 
generalized nature yields the clue to the 
hormonal origin of von Recklinghausen’s 
disease. 

Metastatic bone disease in its distribution is 
localized, not generalized. Malignant tumors of 
soft tissues metastasize predominantly to those 
bones containing red marrow, namely, to the 
warm bones of the body, the skull, the spine and 
the pelvis [72]. When metastases do occur to the 
bones of the extremity, they are predominantly 
at the proximal or warm ends of the bone and 
decrease in frequency as the distal or colder 
ends of the bones are approached. In hyper- 
parathyroidism, in contrast, if bone disease is 
present it is frequently recognizable in the bones 
of the hands and feet. Primary tumors, simple 
cysts and inflammatory lesions of bone also 
have their characteristic relationship to the 
epiphysis, metaphysis and diaphysis, and should 
thus be distinguishable from the diffusely dis- 
tributed bone lesions of hyperparathyroidism. 

Hyperparathyroidism as a cause of renal 
stones is so well established and of such an 
order of frequency that it is undoubtedly wise 
to screen all patients who have passed a stone 
or have a history of having had hematuria and 
colic. Even patients with supposedly non- 
opaque stones should be investigated since 
there may have been an error as to the identity 
of the stone. Unilateral stones are frequent. 

In patients with peptic ulceration and 
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pancreatitis the screening is more problematic 
and debatable. Certain general considerations 
are worthwhile. Hyperparathyroidism is an 
endocrine disease and as such is more commonly 
encountered in females. In other endocrine dis- 
eases such as hyperthyroidism and Cushing’s 
disease, the ratio of female to male is approxi- 
mately 4 or 5:1. In hyperparathyroidism the 
sex difference is less, approximately 2:1. 
Hyperparathyroidism, like endocrine diseases, 
generally is found in those endocrine phases of 
life when endocrine glands are most active or 
changing rapidly, namely, at puberty, during 
the active phase of sexual life and immediately 
after the menopause. Thus hyperparathyroid- 
ism is relatively rare before puberty and less 
commonly starts in the later decades. 

In contrast to endocrine diseases, duodenal 
ulcer is much more frequently encountered in 
the male. Thus it is probable that one is much 
less apt to encounter hyperparathyroidism 
associated with an ulcer in a young male of 
college age than in a woman of this age. 
Similarly, a woman in her twenties with acute 
pancreatitis is much more likely to have hyper- 
parathyroidism than an older male alcoholic. 
Acute pancreatitis is expected in the skid-row 
male alcoholic but is rare in the young woman. 


The uncharacteristic primary symptoms of 
fatigue, lassitude, backache and mental con- 
fusion may be used in diagnosis by the alert 
physician, particularly if they appear in com- 
bination with thirst and urinary frequency. 

A combination of symptoms and complica- 


tions obviously increases the possibility of 
hyperparathyroidism. Thus patients with so- 
called milk-alkali syndrome should be carefully 
screened for primary hyperparathyroidism; 
they have both the ulcer and renal involvement. 
Likewise, gallstones are found with greater 
frequency in patients with hyperparathyroidism 
than in patients at large. The history of such 
stones or their finding at the time of an- 
other complication such as a kidney stone 
or pancreatitis increases the suspicion of 
hyperparathyroidism. 

Often a summation of events leads in 
orderly fashion to the diagnosis. The fol- 
lowing recent case illustrates the compounding 
of indications for the diagnostic search for 
hyperparathyroidism. 


An unmarried, forty-six year old woman was 
referred to the Massachusetts General Hospital in 


September 1959 with a diagnosis of obstructing 
duodenal ulcer. The patient complained of inter- 
mittent attacks of upper abdominal discomfort and 
nausea for the last three years. Recently the attacks 
had been associated with vomiting, and in the 
previous months x-ray films of the stomach and 
duodenum had shown nearly complete obstruction 
of the pylorus with a probable duodenal ulcer. 

Her past history revealed a much longer period 
of abdominal complaints, her current symptoms 
having started, she believed, after her mother 
suffered a coronary infarction. In 1940 her gall- 
bladder had been removed for gallstones. Because 
her symptoms continued, a year later splanchnicec- 
tomy was performed, also without relief. In 1948 
hysterectomy with the removal of one ovary was 
performed for abdominal discomfort. This also 
failed to relieve her and the removal of the other 
ovary was recommended. The patient refused this 
fourth operation. 

Upon admission to the Massachusetts General 
Hospital a gastrointestinal series confirmed the 
presence of an old scarred duodenal cap, presum- 
ably an old inactive ulcer. The pylorus was widely 
open. There was no evidence of calcification in the 
region of the pancreas, but her physician suspected 
pancreatitis and measured the blood calcium and 
phosphorus levels. The calcium was elevated at 
12 mg./100 cc., and the blood phosphorus depressed 
varying from 1.8 to 3.1 mg./100 cc. The calcium 
excretion was elevated. A large single adenoma of 
the left upper parathyroid gland was resected. The 
blood serum calcium and phosphorus levels 
promptly returned to normal. 

In summary, the history of gallstones, intract- 
able abdominal discomfort, multiple operations 
without relief, the presence of a duodenal ulcer and 
the suspicion of pancreatitis led to the diagnosis of 
hyperparathyroidism. 


The clues leading to the diagnosis of hyper- 
parathyroidism in 230 cases proved by opera- 
tion at the Massachusetts General Hospital 
are given in Table 1. Kidney stones have been 
the most common, and in recent years peptic 
ulcers have been gaining fast. 


LABORATORY DIAGNOSIS 


Confirmation of the suspicion and establish- 
ment of the diagnosis depends upon the chemi- 
cal estimations of the blood levels of calcium 
and phosphorus and the urinary excretion of 
calcium. The triad of an elevated calcium level, 
depressed phosphorus level and an increased 
urinary excretion of calcium is diagnostic. No 
other condition is known to produce this triad 
consistently. Of these three, the calcium of the 
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TABLE I 
CLUES TO DIAGNOSIS OF 230 CASES OF 
HYPERPARATHYROIDISM AT MASSACHUSETTS 
GENERAL HOSPITAL 
| 
| No. of 


Cases 


Disease Manifestation Per cent 


one disease 

enal stones 

eptic ulcer 

atigue 

{ental disturbance 

‘entral nervous system signs. . 
symptoms 


erum is most significant since few other condi- 
tions affect it. In hyperparathyroidism the 
calcium level rises and in hypoparathyroidism 
it falls below normal. The measured level de- 
pends to a considerable extent upon the method 
utilized and the competence of the technician. 
Until a better method is evolved, the Fiske 
method presumably should remain the stand- 
ard, Any level above 10 mg./100 cc. is suspici- 
ous and a level above 10.5 mg./100 cc. is 
generally diagnostic provided the serum pro- 
tein level is normal.* When judging the total 
serum calcium level, allowance should be made 
for the protein-bound portion by measuring the 
total serum protein. The elevation of the serum 
calcium level noted in cases of multiple 
myeloma is in part accounted for by the in- 
crease in serum protein, the decreased calcium 
level seen in pancreatitis, burns and malnutri- 
tion by the decreased protein level. A rule of 
thumb is to allow 1 mg. of calcium for each 
gram of protein. If the serum protein is 
5 gm./100 cc. and the calcium 10 mg./100 cc., 
the corrected calcium value is 11 mg./100 cc. 
Conversely, if the protein is 8 gm./100 cc. and 
the calcium, 11 mg./100 cc., the corrected 
calcium is 10 mg./100 cc. 

The normal fasting level of the blood 
phosphorus varies generally from 3.5 to 


* The Massachusetts General Hospital continues to 
record the calcium and phosphorus levels in milligrams 
per 100 cubic centimeters rather than milliequivalents 
per liter. Since the calculation of milliequivalents 
involves valence, and the valences of calcium and 
phosphorus vary, the assignment of a milliequivalent 
value is arbitrary and not necessarily physiologic. 


4.5 mg./100 cc. A lowered level of 3 to 2 mg./ 
100 cc., or lower, is expected in hyperpara- 
thyroidism. Since many conditions influence 
the phosphate level of the blood, mostly 
downward, care must be taken to have the pa- 
tient fasting when the blood is drawn. Renal 
damage with phosphate retention is associated 
with a rise in the phosphorus level to normal or 
above normal even though the hyperpara- 
thyroidism continues. 

The tubular resorption of phosphorus (TRP) 
recently has been introduced by Kyle as a 
refined diagnostic test for parathyroid function 
[13]. It is considered most useful by Gordon and 
Goldman [14]. Since the calculation of the test 
depends upon the phosphorus level of the serum 
and can be influenced by the calcium and 
phosphorus loading in the diet, the test reveals 
little beyond the phosphorus level itself. The 
alkaline phosphatase level is of little diagnostic 
help. It is elevated only in those patients with 
the classic type of bone disease. 

Hyperparathyroidism is associated with an 
increased excretion of both calcium and 
phosphorus through the kidney into the urine. 
There is dispute as to which of these is the 
primary effect of the hormone but both occur. 
Since, again, more conditions influence phos- 
phate metabolism, for diagnostic purposes the 
quantitative estimation of the calcium excre- 
tion is the more important. It is essential that 
the patient be on a controlled diet containing a 
minimum amount of calcium. 


TREATMENT 


The treatment of hyperparathyroidism re- 
mains surgical. No blocking agent comparable 
to the antithyroid drugs has been found, and 
the high incidence of neoplasia makes it un- 
likely that such a drug would have a firm place 
in the therapy until a method is found for 
differentiating between neoplasia and hyper- 
plasia. Radiation therapy either by external 
radiation or by a radioactive tagged molecule 
has also not proved feasible. 

The surgical problems of hyperparathyroid- 
ism are twofold: the disclosure of the para- 
thyroid glands and the identification of the 
pathologic type of any enlargement present. In 
looking for parathyroid glands the first thing 
to learn is where they hide, for they are dis- 
tributed from well above the thyroid gland as 
high as the submaxillary triangle down well into 
the mediastinum, over the pericardium, as low 
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as the lung roots [15]. They are usually four in 
number, occasionally five, and perhaps rarely 
even more numerous. The upper pair are the 
easiest to find since they are normally restricted 
to a smaller area. The upper pair arise from the 
fourth branchial cleft in association with what 
has been believed to be the lateral thyroid 
tissue. (The presence of such a lateral thyroid 
anlage is now disputed.) At any rate, these 
upper glands are generally found closely asso- 
ciated with the thyroid gland and rarely they 
may actually be encased within the thyroid 
capsule. Commonly they are found in a sulcus 
of the thyroid. The most characteristic position 
is behind the upper pole or upper half of the 
thyroid lobe usually at the level of the cricoid 
cartilage. 

When these upper glands are enlarged they 
are not infrequently displaced downward into 
the posterior mediastinum. The parathyroid 
gland is not attached to the trachea or any 
other structure by a fibrous band as is the 
thyroid gland. They are attached only by the 
vascular pedicle and when enlarged appear to 
be displaced by the act of swallowing and 
possibly also sucked down by the negative 
intrathoracic pressure. On the right side some- 
times an enlarged gland is found hanging over 
the lower and more lateral portion of the 
recurrent laryngeal nerve. In this descent the 
enlarged gland always carries a vascular 
pedicle down with it. Search for such a pedicle 
arising either from the back side of the superior 
thyroid vessel or from the inferior thyroid 
artery is not infrequently a rewarding venture. 

These upper glands are not always con- 
tiguous to thyroid tissue. In the series of cases 
from Massachusetts General Hospital, three 
enlargements have been found to arise as much 
as 3 to 4cm. above the upper pole of the thyroid. 
The glands also may lie down along the esopha- 
gus and are sometimes tucked in behind the 
esophagus. The vascular pedicle to such glands 
may arise wholly from the esophagus or 
pharynx and not directly from the thyroid 
vessels at all. Occasionally the upper gland is 
tucked up in front of the recurrent laryngeal 
nerve medial to the thyroid gland. An enlarge- 
ment in such a position is to be suspected by 
the presence of unusual vessels leading in that 
direction. Although an enlargement may be 
shoved laterally behind the internal jugular 
vein, no parathyroid, normal or abnormal, has 
been found within or lateral to the carotid 
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sheath in the series of cases from 
chusetts General Hospital. 

The lower parathyroids are also generally 
two in number. As a rule they are distinctl; 
smaller than the upper pair and sometimes a 
little yellower. They have a much wider norma! 
distribution and therefore are generally harder 
to isolate at operation. They are normally dis- 
tributed from well above the upper gland to 
down into the anterior mediastinum. The upper 
gland arises embryologically from the third 
cleft in close association with the thymus and 
descends along with the thymus gland. It is 
often carried on beyond the thyroid gland into 
the mediastinum, in which case it is generally 
closely associated with the thymus. The lower 
parathyroid, when it is at the lower pole of the 
thyroid, is generally more anterior than an 
upper gland. Sometimes it is found on the 
posterior lateral surface of the thyroid lobe or 
just beneath the lower pole at the level of the 
trachea. The lower gland is rarely found 
posteriorly alongside the esophagus, unless it 
too was enlarged and sucked downward and 
posteriorly into the chest in a manner com- 
parable to the upper gland. 

Search of the thymic tissue itself is not in- 
frequently rewarding. About 10 per cent of the 
normal lower glands are found within the thymic 
capsule. If the lower parathyroid gland is not 
found in the region of the thyroid lobe, one 
should look carefully for the tongue of thymus, 
often found low in the neck. The tongue of 
thymus should be carefully exposed, freed and 
rolled over. The parathyroid gland, if inside the 
capsule, can be brought to the surface and seen 
as a darker body in the yellowish, fatty tissue 
of the thymus. An intrathymic parathyroid 
enlargement can often be prompily recognized 
by this maneuver. If a normal or enlarged gland 
is suspected, the capsule of the thymus should 
be opened and the suspected area exposed 
surgically. 

During exploration it is helpful to find at 
least one gland as soon as possible. As a gen- 
eral rule, this is begun by looking for the upper 
gland because of its larger size and more 
restricted position. The finding of even a normal 
gland is helpful because it indicates the nature 
of the pathology to be found elsewhere and also 
renders a clue to the position of the comparable 
gland on the opposite side. If a normal-appear- 
ing upper gland is found early during explora- 
tion and the lower gland of that same size is not 
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mmediately seen, much time may be saved by 
searching for the upper gland on the opposite 
side. Eighty per cent of the time the glands on 
the two sides are symmetrically placed. 

A meticulous, bloodless technic, seemingly 
pedantic, is the best way to find parathyroid 
tissue. Parathyroid explorations continue to be 
unsuccessful because of the surgeon’s failure to 
realize that the tumors are often small, that 
dentification of a normal gland is helpful, and 
that either of these is all too easily shrouded by 
, thin film of blood. 

The identification of the pathologic type of 
the parathyroid enlargement is the second 
problem confronting the surgeon. The general 
impression has spread abroad that hyperpara- 
thyroidism is caused by an adenoma of the 
parathyroid glands. Hyperparathyroidism has 
become virtually synonymous with adenoma of 
the parathyroids and many consultations are 
phrased, “Does this patient have a parathyroid 
adenoma,” rather than “ Does this patient have 
hyperparathyroidism?” It is impossible to 
judge before surgical exploration whether a 
patient’s hyperparathyroidism is due to one 
adenoma, two adenomas, carcinoma or one of 
the forms of hyperplasia of all the glands. Of 
the first 230 patients with hyperparathyroidism 
operated upon at the Massachusetts General 
Hospital, glandular overactivity of 183 was 
satisfactorily altered by resection of a single 
parathyroid adenoma. (Table 1.) The remain- 
ing 20 per cent of the total had one or another of 
the aforementioned variants. Nine had carci- 
noma (one of these with an additional benign 
adenoma), ten had two adenomas (five of them 
required a second operation to find the second 
adenoma) and the remaining twenty-eight had 
hyperplasia of either one of the two primary 
types, water-clear cell or chief cell hyperplasia. 


TABLE II 
HYPERPARATHYROIDISM: MASSACHUSETTS GENERAL 
HOSPITAL SERIES OF 230 CASES (1930-1959) 


Hyperparathyroidism 


Pathologic Type No. of Cases | Per cent 


Neoplasia: 
Single adenoma............ 183 79.5 
Double adenoma........... 10 4 
9 4 
Primary hyperplasia: 


Patients with hyperplasia thus constituted 13 
per cent of the total. These last patients are 
perhaps the most demanding surgically since 
satisfactory solution of the problem requires 
the uncovering of all four (in one case, five) 
glands. 

The single adenoma is obviously the easiest 
pathologic form of the disease to treat, requir- 
ing only finding the enlargement and removing 
it. Often this is so easy that the uninitiated 
surgeon wonders what all the fuss is about. The 
thyroid is exposed, a lump of soft brown tissue 
that is not thyroid is found and removed, and 
the operation is completed. The trouble arises 
when the adenoma is either very small (this 
occurs when the disease is mild) or is placed in 
some distant, hard-to-find spot. 

How does one identify the tumor as an 
adenoma and not as hyperplasia or carcinoma? 
The best way to test this is to find another 
gland and if it is within normal limits, obviously 
the enlargement must be neoplastic. The identi- 
fication of carcinoma will be dealt with shortly. 
The next problem is the exclusion of a second 
adenoma. To decide this, it should be recalled 
that the amount of adenomatous tissue is 
roughly proportional to the degree of the dis- 
ease. If, therefore, in a patient with a mild 
degree of disease, a large adenoma is found, one 
need not look further for a second adenoma. 
Contrariwise, if a patient has a relatively 
severe degree of disease (the blood calcium 
level being as high as 13 or 14 mg./100 cc.), a 
goodly amount of adenomatous tissue must be 
present. If the adenoma encountered is small, 
presumably it is not adequate and another 
should be sought. If the amount of tissue 
compared with the degree of the disease is 
equivocal, the operation may be stopped at this 
point to wait and see whether removal of the 
one gland found cures the disease. It is better to 
wait than to muddle around not knowing 
whether another gland must be found or not. 
Unnecessary exploration only endangers the 
integrity of the undiseased parathyroids and 
recurrent nerves. It is better for the patient to 
undergo exploration again in an_unsullied 
virgin territory than to do harm needlessly. 

Carcinomas are rare but should be recognized 
at the first exploration. The carcinomas we 
have encountered have been hard and whitish, 
while the adenomas are soft and brown. The 
carcinomas are also surrounded by a fibrous tis- 
sue reaction, as if an inflammatory process had 
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occurred. This inflammatory-like reaction is the 
best clue and should be a forewarning that wide 
excision is to be performed. Rupture of the ad- 
herent capsule is possible if care is not taken. 
Such rupture has been followed by implanta- 
tions which are stubbornly progressive and hard 
to eradicate by secondary operations. The 
lymph nodes may also be invaded by carcinoma 
and should be looked for. Here again, the first 
operation is the important one. Of the nine pa- 
tients with carcinoma, five have ultimately died 
of continuing disease. 

The hyperplasias are troublesome for three 
reasons [17]. First, the pathologic type is some- 
times difficult to identify. Frozen section is 
helpful only with the water-clear cell type. 
Second, it is necessary to find all the glands. 
This generally should be done before any siz- 
able amount of tissue is resected. When all 
four glands are uncovered, the amount to be 
resected can be properly estimated; this is the 
third reason for trouble. In general, three glands 
are removed in toto and the fourth is subtotally 
resected. If the fourth is much smaller than the 
others it may be left intact or a biopsy speci- 
men only removed. 

How does one identify hyperplasia? If two 
enlargements are found on one side at the 
initial exploration, and particularly if the upper 
one is larger than the lower, hyperplasia should 
be immediately suspected. The difference in 
size is due presumably to the initial difference, 
the hyperplasia merely bringing about a rela- 
tive enlargement of the two glands. Water-clear 
cell hyperplasia is easier to recognize because 
of two characteristics. First, the color is a more 
chocolate brown than the adenomas or the 
chief cell hyperplasias. Second, pseudopodic 
irregularities or prolongations are frequent. 
Also, the pathologist can recognize them 
microscopically in frozen section. 

The chief cell hyperplasias present a special 
problem since in gross appearance, both color 
and configuration, they resemble an adenoma. 
Microscopically also they are readily mistaken 
for an adenoma, and frozen section therefore 
cannot be relied upon. In several of our earlier 
cases the pathologists made a diagnosis of 
adenoma on examination of both gross and 
microscopic sections, and it was only as the 
continuing disease forced re-exploration that a 
proper diagnosis of hyperplasia was made. 

The possibility of a fifth or supernumerary 
parathyroid gland poses an infrequent but 


special problem. Up until four years ago all our 
patients seemingly were satisfactorily handled 
by finding, at most, four parathyroid glands. 
In 1955 a patient with severe hyperpara- 
thyroidism was encountered with chief cell 
hyperplasia of all four parathyroid glands in the 
neck. These glands were unmistakably hyper- 
plastic; all of three and a third of the fourth 
were resected. The blood calcium level was 
budged only slightly downward by this resec- 
tion and the presence of a fifth gland had to be 
postulated. At a second exploration (of the 
mediastinum) a much larger fifth parathyroid 
gland was found within the capsule of the right 
thymus gland. It weighed as much as the tissue 
resected from the neck. Following its removal 
the calcium level fell promptly to normal. Mr. 
Davies, of the University College Hospital in 
London, operating upon a patient with hyper- 
parathyroidism of moderate degree, identified 
four normal glands in the neck; these were 
confirmed by biopsies. The disease continued 
unabated until, at a second exploration, he was 
able to find a small adenoma in the mediasti- 
num. Its removal was followed by relief of the 
disease. 


COMMENTS 


Hyperparathyroidism is readily diagnosed in 
its severe overt form. It is not too difficult to 
make the diagnosis in a patient with diffuse 
skeletal deformities and kidneys riddled by 
stones and calcification. However, this is the 
exceptional patient, the majority having only a 
mild to moderate form. In the patient with a 
mild degree of the disease, the diagnosis is 
much more difficult and can be made only when 
it is thought of, and many times only after 
repeated and prolonged observation and care- 
ful study. One patient with bizarre aches and 
pains came to Walter Bauer’s Arthritic Clinic 
with a normal calcium level when she was first 
seen. Dr. Bauer, however, suspected that her 
pains were not truly arthritic, and persisted in 
his examination in order to arrive at a better 
diagnosis. Only after repeated observations 
over a period of three years was he able to reach 
the tentative diagnosis of hyperparathyroidism. 
A small adenoma was found and removed. The 
correction of the hyperparathyroidism in this 
case has provided one of the most rewarding 
results of our series. In general, the number of 
patients seen at the Massachusetts General 
Hospital has been due to the painstaking, 
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horough search and thoughtfulness of our 
nedical colleagues. 

The number of unsatisfactory results from 
urgical exploration of the neck indicates that 
e surgeons must be more careful to match, or 
t least approach, the contributions of the 
nternist. 
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Thymectomy for Myasthenia Gravis 
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W: recognize myasthenia gravis as an inter- 
esting disease of unknown etiology with 
no characteristic pathologic findings. We treat 
it empirically and symptomatically with more 
or less success. Thymectomy, although contro- 
versial, appears to have benefitted many pa- 
tients with myasthenia gravis.* 

Willis described the essential features of 
myasthenia gravis in 1672 in a treatise dis- 
covered by Guthrie [13]. Willis recognized that 
the voluntary muscles fatigue rapidly but 
recover with rest. Erb first fully described the 
disease in 1879. In 1895 Jolly described the 
reaction of myasthenic muscles to electrical 
stimulation, suggested treatment with physo- 
stigmine, and used the descriptive term 
“myasthenia gravis pseudoparalytica” for the 
disease. However, physostigmine apparently 
was not used clinically until Walker [34] 
described its effectiveness in relieving the 
symptoms of myasthenia gravis in 1934. 

Osserman [23] introduced the intravenous 
administration of edrophonium chloridef as a 
valuable rapid diagnostic test in 1952. In a pa- 
tient with myasthenia gravis, the injection of 
2 mg. (followed thirty seconds later by 8 mg. 
more if no response) results in an increase in 
muscle strength and general subjective im- 
provement within two minutes. The same test 
has great value in differentiating cholinergic 
crisis caused by drug overdosage from myas- 
thenic crisis. Osserman [22] favors pyrido- 
stigmine bromidet for the treatment of 

* Readers are referred to Viets’ [32] history of 
myasthenia gravis up to 1900 and to Osserman’s [22] 
comprehensive review of 1956. Much of the information 
in this report was taken from these excellent articles. 


t The trade name of Roche Laboratories for edropho- 
nium chloride is Tensilon.® 

t The trade name of Roche Laboratories for pyrido- 
stigmin bromide is Mestinon.® 
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myasthenia gravis. One 60 mg. tablet equals 
one 15 mg. tablet of neostigmine bromide. 

Kane [16] has reviewed the results of treat- 
ment with cortisone and ACTH, and credits 
Torda and Wolff for being the first to use ACTH 
in treatment. Kane believes ACTH may have a 
place in the treatment of patients with moderate 
myasthenia. He does not recommed cortisone. 
In 1921 Pierchalla first reported on the treat- 
ment of myasthenia by radiation of the thymus. 

Weigert, in 1901, first suggested a possible 
relationship between the thymus and myasthe- 
nia gravis after finding a thymic tumor in a 
myasthenic patient. Blalock and associates [5] 
collected 110 cases of myasthenia gravis in 
which the thymus had been examined at opera- 
tion or autopsy up to 1939. They found the 
thymus described as abnormal in some respect 
in fifty-three cases. Many such reports have 
appeared since. Other non-specific lesions have 
been described in tissue from myasthenic pa- 
tients [22] such as lymphorrhages in skeletal 
muscle and perivascular round cell infiltration. 
Of great interest are the studies of Woolf and 
his associates [2,36]. They are finding striking 
changes in the subterminal nerve fibers and 
motor end plates which may be secondary to 
degeneration of muscle fibers. Tissue culture 
studies may also prove valuable in defining the 
abnormalities of the thymus in myasthenia 
gravis [19,21]. 

Blalock [5] credited Sauerbruch for having 
performed the first thymectomy for myasthe- 
nia gravis in 1911. The patient survived and 
improved. Blalock described two other thymec- 
tomies by Sauerbruch and one by Haberer. 
Blalock removed a thymoma from a twenty 
year old woman with myasthenia in 1936. This 
patient had been seriously ill but was in 
remission at the time of operation. Fortunately, 
she was relieved of her myasthenia and was 
soon able to swim and dance; today we think 
that hope for improvement is less in patients 
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vith thymomas. Blalock [4] later operated upon 
ix patients with myasthenia but without 
hymomas in a deliberate attempt to remove all 
the thymus that might be elaborating a curare- 
ike substance. Three were much improved, two 
vere slightly improved and one died after 
yperation. 

Thevenard [31] has reported on the treat- 
nent of myasthenia by denervation of the 
carotid sinus as first performed by LaGarde in 
(943- 


RATIONALE OF THYMECTOMY 


Sauerbruch and Blalock resected the thymus 
in their patients because abnormalities of the 
thymus had been reported in association with 
myasthenia gravis. Studies have continued to 
show that as many as 8o per cent of patients 
with myasthenia have some abnormality of the 
thymus [22]. Some 15 to 30 per cent of myas- 
thenic patients have thymomas, and 30 to 75 
per cent of patients with thymomas have myas- 
thenia gravis. Iverson [14] has reviewed the 
material at the Armed Forces Institute of 
Pathology and reclassified thymomas. She 
reports that the close correlation between~ 
symptoms of myasthenia gravis and the 
appearance in thymomas of epithelial cells 
around vessels suggests an endocrine function 
for this “‘type cell.” 

As many as 65 per cent of the patients have 
had gross or microscopic abnormalities of the 
thymus other than thymomas [22,26]. Reports 
describe the changes as medullary lymphocytic 
hyperplasia or the presence of medullary 
lymphoid germinal centers. 

Wilson and Wilson [35] report extracting a 
substance from the thymic glands of Keynes’ 
[18] patients with which they can produce a 
neuromuscular block similar to, but not 
identical with, that seen in myasthenic patients. 
They describe a direct relationship between the 
activity of the extract and the benefit of 
thymectomy to the patient. They speculate 
that such a substance released by the thymus 
may, over a period of time, cause irreversible 
changes at the myoneural junction explaining 
the lack of benefit of thymectomy in some pa- 
tients. Curare-like substances have been re- 
ported in the blood of myasthenic patients [22]. 
In about one-third of the infants born to 
myasthenic mothers, transitory symptoms of 
myasthenia will develop [20]. This self-limited 
neonatal myasthenia suggests the transmission 
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of some humoral factor from mother to infant 
that is slowly excreted or destroyed [29]. Six- 
teen cases of a severe refractory anemia have 
been reported in patients with benign thymo- 
mas [g]. Four of these patients also had myas- 
thenia gravis. Of eleven patients having thy- 
mectomy, four recovered in part or wholly from 
their anemia. Joske [15] has reported a fall in 
lymphocyte count in the blood of patients after 
thymectomy. 

Although conflicting reports have been 
published and the previously mentioned ob- 
servations may prove nothing, some relation 
between the thymus and myasthenia gravis 
seems probable. 


RESULTS OF THYMECTOMY 


The chronic remitting nature of myasthenia 
gravis makes it difficult to evaluate any form of 
treatment. One-fourth of all myasthenic pa- 
tients have spontaneous complete or near 
complete remissions at some time [12,24]. One- 
half of these have permanent remission. 

Investigators from Johns Hopkins Hospital 
[24], Massachusetts General Hospital [26], the 
Mayo Clinic [10] and England [18] have been 
carrying out studies of the effectiveness of 
thymectomy in myasthenia gravis since Bla- 
lock’s report of one case in 1939 [5]. In the past 
the several groups have held different opinions 
as to the benefit of thymectomy in myasthenic 
patients. Even a single group has interpreted 
the results differently in successive reports. Al- 
though controversy continues, more physicians 
are accepting the idea that thymectomy bene- 
fits a significant number of patients with myas- 
thenia gravis [1]. 

Jobns Hopkins Hospital Series. In 1941 
Blalock and associates [4] reported their experi- 
ence with six patients with some enthusiasm. 
One patient died after operation. The other five 
were improved although two were only slightly 
improved. Blalock [3] again reported favorably 
on the benefits of thymectomy in 1944. 

In 1953 Grob [12] reviewed the results in 202 
patients, forty-four of whom had undergone 
thymectomy. He concluded from his analysis 
that patients treated with thymectomy had a 
course only slightly better than those who did 
not. He recognized that the patients with 
thymomas did very poorly, ten of fifteen dying 
after a fulminating progression of the disease. 
Nine of the forty-four patients treated by 
thymectomy had thymomas and six died, yet 


he did not separate the patients with thymomas 
from the whole group as Keynes suggested. He 
did find that thymectomy gave better results 
in women than in men, and better results in 
young men and women that in older patients. 
He emphasized that the majority of patients 
having localized ocular myasthenia for more 
than one year had no further extension of the 
disease. 

Massachusetts General Hospital Series. 
Schwab and Leland [26] plotted the age of onset 
of myasthenia gravis in 367 patients and found 
a significant and surprising difference between 
men and women. In women the mode age of on- 
set was twenty-one to twenty-five years, 
whereas in men it was sixty-one. The disease 
was twice as common in young women as in 
young men, and twice as common in older men. 
Schwab and Leland analyzed the course of 
seventy-eight patients treated by thymectomy. 
Of these, fifty-three were women and twenty- 
five were men. Seventy-eight matched controls 
were selected from 250 myasthenic patients to 
evaluate the results in the seventy-eight pa- 
tients treated by thymectomy. Patients with 
thymomas were not separated from the whole 
group. The operative mortality in men (24 per 
cent) was three times that for women (7.5 per 
cent). Men received no benefit from the opera- 
tion and it appeared to be contraindicated in 
those over thirty years of age. Twice as many 
women treated by thymectomy (63 per cent) 
showed unquestionable improvement as com- 
pared to the controls (34 per cent). The death 
rate, including operative deaths, was 15 per cent 
as against 28 per cent in the controls. Although 
Schwab and Leland did not eliminate patients 
with thymomas (22 per cent) in the aforemen- 
tioned study they did note that patients of any 
age or either sex who had thymomas had no 
benefit from the operation. They concluded 
that thymectomy is definitely indicated in 
women without thymomas. Recognizing that 
some investigators have suggested that any 
benefit from thymectomy may be non-specific 
from stress alone, Schwab and Leland pointed 
out that other operations and other stresses 
have an adverse effect on the course of myas- 
thenia gravis. Twenty-eight of thirty of their 
patients suffering such stresses had aggrava- 
tion of their symptoms. 


Mayo Clinic Series. Eaton and Clagett [zo], 


originally discouraged with the results of 
thymectomy in the treatment of myasthenia 
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gravis, found evidence supporting the value of 
thymectomy when they analyzed their series 
in 1954. In this study they reported on 472 pa- 
tients seen from 1941 to 1954. Of these, seventy- 
two had been operated upon. Recognizing that 
their previous series had been heavily loaded 
with patients having thymomas, they elimi- 
nated these from this study. This left forty-four 
patients of both sexes without thymomas who 
had survived thymectomy. The course of these 
patients was compared with that of forty-eight 
matched controls. They found a remission rate 
of 50 per cent as compared to 29 per cent in the 
controls. Furthermore, only 9 per cent of the 
patients having thymectomy died or became 
worse as compared to 29 per cent of the controls. 

Their results, when analyzed by sex, were 
similar to those of Schwab and Leland in that 
they showed good results from thymectomy in 
women but not in men. Fifty-three per cent of 
the women had complete remission or con- 
siderable improvement as compared to 20 per 
cent of the controls. Only 13 per cent of the 
women became worse or died (including opera- 
tive deaths) as compared to 33 per cent of the 
controls. They predict that the Johns Hopkins 
Hospital series will support the use of thymec- 
tomy after more patients treated by operation, 
particularly women, are added. 

Eaton and Clagett concluded, ‘‘At present, 
evidence overwhelmingly favors the conclusion 
that thymectomy is of value in the treatment of 
myasthenia gravis.” They recommend thymec- 
tomy in the treatment of worhen under fifty 
years of age without thymomas who have had 
symptoms for less than ten years. Although the 
value of thymectomy in myasthenic men has 
not been shown conclusively, they approve offer- 
ing thymectomy to men as a possible benefit. 

As for myasthenic patients with thymomas, 
Eaton and Clagett believe thymectomy may be 
of value in women. They recommend it in any 
patient considered a satisfactory operative risk 
lest the patient die of thymoma. They reserve 
x-ray treatment for those patients not suited 
for operation. 

Keynes’ Series. Keynes [18] has been an 
enthusiastic proponent of thymectomy for 
myasthenia gravis. He accepts most patients 
for operation except those past fifty years of age 
for whom benefit is problematical and those 
whom he thinks would not survive operation 
because of the gravity of their illness. He has 
emphasized from the first that myasthenic pa- 


ients with thymomas derive much less benefit 
rom thymectomy than those with non-neo- 
lastic glands. In 1946, of thirty-three patients 
vithout thymomas who survived the operation, 
Seynes considered 60 per cent quite well, or 
ilmost well, but still requiring some neostig- 
nine. By 1949 Keynes had 120 patients with- 
yut thymomas who had survived thymectomy. 
He considered 66 per cent of these quite well or 
ilmost well. 

Keynes also described his experiences with 
nyasthenic patients with thymomas. Of twenty 
patients treated by radiation before thymec- 
tomy, twelve had considerable or some im- 
provement. Four of the twenty died from 
operation. These results showed a marked im- 
provement over those he obtained with thy- 
mectomy alone in fifteen patients, all of whom 
were dead at the time of this report. Ross [25], 
an internist, reviewed Keynes’ patients in 1952 
and arrived at essentially the same conclusion. 

By 1952 Keynes [54] had operated upon 
twenty-one children from two and a half to six- 
teen years of age. Two died soon after opera- 
tion, one four months after operation and one 
thirteen months after operation. Of the seven- 
teen survivors, fifteen were quite well or 
considerably improved. 

In 1958 Simpson [27], a neurologist, reviewed 
Keynes’ series, thoroughly analyzing the 
course of 404 patients. Of a total of 294 patients 
having thymectomy, 258 had non-neoplastic 
glands. His figures differed somewhat from 
Keynes’ because he handled the material 
differently, but he came to much the same con- 
clusions. He also analyzed and compared the 
results in the Johns Hopkins Hospital series, 
the Mayo Clinic series, the Massachusetts 
General Hospital series, and the series he and 
Keynes studied. As Simpson interpreted the 
results, there was general agreement in the four 
series on mortality and the extent of remission 
in the patients treated by operation and those 
not so treated. Simpson thought the difference 
in assessment was attributable to differences in 
the method of classification or to errors of 
sampling in small series. He re-emphasized the 
importance of separating patients with thymo- 
mas and considering them separately in judging 
the results of operation. 

Simpson concluded from his studies that all 
myasthenic patients treated by thymectomy 
have a substantial chance for improvement. 
The younger patients without thymomas who 
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have had symptoms less than five years have 
the most evident improvement. Improvement 
occurs in men as well as women but is more 
significant in women. In myasthenic patients 
with thymomas, only one in three survives, but 
the survivors may have results as good as those 
without thymomas. As to the interval be- 
tween onset of symptoms and _ operation, 
Keynes [18] believes that irreversible changes 
may occur with the passage of time that 
neither drug nor operation can reverse. 

Keynes has held steadfastly to the opinion 
that “. .. the operation of thymectomy is 
indeed the last hope for the sufferers from one 
of the most distressing and humiliating diseases 
to which human flesh is heir.” 


INDICATIONS FOR THYMECTOMY 


Those investigators who believe in thymec- 
tomy for myasthenia gravis would recommend 
as the best candidates for operation females 
without thymomas, over five years of age but 
under thirty, with generalized disease of less 
than five [22,26] or ten years’ duration becom- 
ing more severe without notable remissions [1, 
10,22,24,26,33]. In patients in whom the dis- 
ease develops before puberty, those with in- 
volvement limited to the eyes, those with 
symptoms for over ten years and those well 
adjusted on small doses of medication, there is 
usually a good prognosis without operation [r, 
12,24,33]. However, thymectomy may be indi- 
cated for some children and for women up to the 
age of fifty [1,10,18,20,33]. 

Men have questionable benefit from thymec- 
tomy and the results are particularly poor after 
the age of thirty [26]. However, operation has 
potential value for men and should be offered 
to them on an individual basis with con- 
sideration for their condition and the risk of 
operation. 

In patients with thymomas, thymectomy 
may [10,18] or may not [26] relieve the symp- 
toms of myasthenia. However, these patients 
deserve resection of the thymoma to prevent 
death from it, as in the case of any other tumor. 
Some of these patients, who otherwise would 
die of the tumor, may live with the myasthenia. 
Other patients will have relief from the 
myasthenia [70,18]. 

Lastly, candidates for operation should have 
sufficient vitality to have a reasonable chance 
of surviving the procedure. Operation should 


not be undertaken as an act of desperation in 
moribund patients. 


THYMECTOMY 


As expressed well by Blalock [4], ““Thymec- 
tomy is a tedious but not a particularly difficult 
procedure.” The several clinics have reported a 
similar operative mortality rate of about 5 per 
cent in patients with non-neoplastic glands and 
10 per cent in patients with neoplastic glands 
[10,18,26]. Actually the operation itself poses 
little threat to the life of the patient. The pa- 
tients die after operation of pulmonary com- 
plications resulting directly or indirectly from 
the myasthenia. Differentiation of myasthenic 
crisis and cholinergic crisis is one of the most 
important aspects of management after opera- 
tion. With proper selection of patients, care be- 
fore operation, technic of anesthesia and opera- 
tion, and management after operation, the 
operation should carry little risk. Eaton [zo] 
has suggested that the operative mortality rate 
under these conditions should be less than 1 
per cent. 

Preparation for Operation. Operation should 
be planned for a period of remission, and not 
performed as an emergency. Poorly controlled, 
desperately ill patients who are unable to 
swallow or cough have little chance of surviving 
the operation. Patients should enter the 
hospital several days before operation for 
examination, observation and regulation of 
their medication. Final evaluation of the 
severity of the disease is made before and after 
cholinergic medication, estimating the strength 
of the muscles of the eyes, face, neck and trunk, 
and extremities, and the strength of the voice 
and cough. Patients should receive some 
information as to what to expect after opera- 
tion so as to prepare themselves for pain, 
intravenous feedings, gastric gavage, nasal 
catheters, edrophonium tests, etc. 

Patients should be instructed in deep breath- 
ing and coughing on order and taught to expect 
to do this after operation despite pain and 
illness. 

Preoperative Medication and Anesthesia. A 
good deal of judgment must be used in 
selecting preoperative medication. Arguments 
have been presented for and against most of the 
drugs commonly given before operations [6,7,17, 
22,28]. Narcotics, if used at all, should be given 
in minimal doses to avoid depressing respira- 
tion. Barbiturates also depress respiration, but 
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a moderate dose (0.1 gm.) of a short-acting 
barbiturate such as pentobarbital may be 
advisable to reduce anxiety. The belladonna 
drugs have the desirable effect of reducing the 
excess bronchial secretion produced by the 
cholinergic drugs, but they have the undesirable 
effect of thickening the secretions. 

Anticholinesterase medication, of course, is 
essential. Patients should receive a dosage the 
day of operation equivalent to their mainte- 
nance dosage. This can be readily estimated if 
one remembers that oral neostigmine bromide* 
is equivalent to four times the same amount of 
oral pyridostigmine and one-thirtieth the same 
amount of parenteral neostigmine methyl- 
sulfate* (60 mg. of pyridostigmine = 15 mg. of 
neostigmine bromide = 0.5 mg. of neostigmine 
methylsulfate). The daily dosage of parenteral 
neostigmine can be calculated and divided doses 
given pre-operatively, at the end of operation 
and every two or three hours postoperatively; 
or one-third the daily dose can be given in.1 L. 
of dextrose solution every eight hours starting 
one hour pre-operatively. 

Muscle relaxation is not necessary for thy- 
mectomy and the muscle-relaxing drugs of 
either the curare (non-depolarizing) or the 
succinylcholine (depolarizing) types should not 
be used. As a matter of fact, authorities dis- 
agree as to which are dangerous and which are 
safe [22]. 

Cyclopropane is probably the anesthetic of 
choice because it is easily administered, causes 
little irritation and has little curare or muscle- 
depressant effect. Endotrachial intubation 
assures an unobstructed airway, allows thor- 
ough tracheobronchial aspiration during and at 
the end of operation, and assures control of 
ventilation should the pleura be entered. 

Blood will seldom be necessary because 
ordinarily blood loss is small, but it should be 
available for use if needed. The judicious use of 
other fluids intravenously hardly can cause in- 
creased pulmonary secretion or aggravate pul- 
monary edema. 

Technic of Operation. The thymus may be 
resected through a sternum-splitting, an an- 
terior transcostal or a posterolateral approach. 
The sternum-splitting approach has the ad- 
vantages of giving ideal exposure of the thymus, 
avoiding the pleural space and even temporary 

* The trade name of Roche Laboratories for neo- 


stigmine bromide is Prostigmin® bromide, and for 
neostigmine methylsulfate, Prostigmin methylsulfate. 


collapse of the lung, causing relatively little 
pain postoperatively and interfering little with 
ventilation after operation [8,17]. 

The patient should be positioned essentially 
as for thyroidectomy with a sandbag between 
the shoulders and the head extended. The head 
of the table may be tilted up moderately to suit 
the surgeon. 

The thymus is readily approached directly 
through a sternum-splitting incision. In pa- 
tients without tumors of the thymus, transect- 
ing the sternum at the second interspace and 
splitting it down to this level gives adequate 
exposure. In patients with tumors of the 
thymus, more exposure can be gained by 
transecting the sternum at the third interspace. 

The operation starts with a transverse 
incision located one fingerbreadth above the 
clavicles and carried down through the pla- 
tysma muscle (deep layer of superficial fascia). 
Superior and inferior flaps are developed 
exposing the sternal heads of the sternomastoid 
muscles. 

A midline incision is made from the trans- 
verse incision down to the level of the third or 
fourth rib, depending on whether one chooses to 
transect the sternum at the second or third 
interspace. This incision is carried down 
through the periosteum of the sternum. The 
enveloping layer of deep fascia is divided 
vertically and the space behind the sternum is 
developed by finger dissection, wiping the 
pleura back on either side. 

The soft tissue at the upper end of the 
sternum is divided with the interclavicular 
ligament which stretches across the suprasternal 
space. An artery that accompanies the ligament 
should be clamped before division. The muscles 
and periosteum over the sternum are divided 
transversely at the level of the second or third 
interspace. The margins of the sternum in the 
interspace are defined on either side using a 
blunt dissector guided by a finger behind the 
sternum from above. After the sternum has 
been freed laterally and posteriorly, and the 
pleura have been wiped to either side, the 
sternum is cut across with a Lebsche sternum 
knife. The cut should be made halfway across 
from either side. The sternum is then divided 
from the suprasternal notch down to the 
transverse cut using the Lebsche knife or 
sternum shears, and the cut margins of the 
sternum are retracted. 

The pretracheal fascia is incised vertically 
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between the sternohyoid muscles exposing the 
lower poles of the thyroid and the upper poles 
of the thymus. The incision is extended to the 
inferior aspect of the wound exposing the whole 
thymus lying on the great vessels. The margins 
of the giand are identified at the level of the 
isthmus, and the gland is freed from its bed by 
sharp and blunt dissection. It often strips out 
easily from the left innominate vein, above, 
down to the pericardium. After the pericardial 
attachments are divided, the upper poles of the 
gland are freed and turned down, and the dis- 
section is completed by freeing them from the 
left innominate vein. One or both lobes lie 
behind the vein in one patient in forty [17]. 

The blood supply to the thymus is variable, 
but usually an artery from each inferior thyroid 
artery enters each upper lobe. Veins accompany 
these arteries. These and other smaller vessels 
can be clamped and ligated or divided between 
silver clips. One or two short veins from the 
posterior aspect of the gland to the left in- 
nominate vein provide most of the venous 
drainage. These are encountered as the upper 
poles are turned down and dissected from their 
beds. They should be carefully divided between 
clamps, avoiding damage to the innominate 
vein, and the proximal ends doubly ligated. 

Hemostasis is secured and the wound closed 
as follows. Two No. 28 stainless steel wires are 
passed through the halves of the sternum. A 
No. 14 catheter is introduced into the medias- 
tinum for later application of suction drainage 
to obliterate the anterior mediastinal space. 
Suction is applied while the wound is being 
closed and for twenty-four to seventy-two 
hours. The margins of the sternum are approxi- 
mated by removing the bag from beneath the 
patient, pressing the shoulders together and 
drawing up the previously placed wires. The 
margins of the enveloping layer of deep fascia 
and of the platysma muscles are approximated. 
Skin margins are joined by interrupted sub- 
cutaneous and cutaneous sutures. A light 
dressing is applied. 

Complications encountered during operation 
consist of damage to the inferior thyroid and 
left innominate veins, and injury to the pleura. 
The first can be avoided or controlled. Opening 
the pleura intentionally or accidentally poses 
no great problem with endotracheal anesthesia. 
The lung is expanded at the close of the cpera- 
tion with positive pressure anesthesia and 
negative pressure on the catheter in the anterior 


mediastinum. Incision or partial excision of 
the pericardium during dissection poses no 
problem. 

Care after Operation. Two major dangers 
threaten the patient after thymectomy—myas- 
thenic or cholinergic crisis and pulmonary 
atelectasis or infection. The important aspects 
of postoperative care are directed to preventing 
or treating these complications. 

After operation, administration of neo- 
stigmine should be continued in divided doses 
for a total daily dose equivalent to that given 
before operation. It may be given intra- 
muscularly every two to three hours or it may 
be given by continuous intravenous infusion, 
one-third the calculated daily dose being given 
in 1 L. of glucose solution every eight hours. 
The dosage is decreased as the patient’s condi- 
tion permits. Dosage should be adequate but 
too little drug is safer than too much. 

Much has been written of myasthenic crisis 
and the development of resistance to cholinergic 
drugs. Cholinergic crisis has been recognized 
relatively recently [6,22,30] and refers to the 
paresis and paralysis resulting from drug- 
induced neuromuscular block. The serious 
danger of cholinergic crisis needs more empha- 
sis. A patient may not have the warning 
symptoms of the parasympathetic side reac- 
tions (contraction of the pupil, sweating, 
nausea, abdominal cramps) particularly if 
receiving atropine which masks these symp- 
toms. As Tether [30] has pointed out, cholin- 
ergic crisis constitutes a greater threat in those 
myasthenic patients with especially weak 
pharyngeal and respirator muscles. By the same 
token, these are the patients most likely to be 
given an excessive dosage of cholinergic drugs. 
Tether, among others, also has described the 
difficulty of differentiating cholinergic from 
myasthenic crisis by their manifestations. From 
reading descriptions of the deaths in various 
series, we believe many of those patients pre- 
sumed to have died in myasthenic crisis with 
drug resistance probably died of cholinergic 
crisis. 

One can readily differentiate cholinergic from 
myasthenic crisis by the edrophonium test, and 
this should result in the survival of more pa- 
tients after operation. The patient should be 
tested for adequacy of dosage using intravenous 
edrophonium once a day or at the first signs of 
myasthenic or cholinergic crisis. One hour after 
the last cholinergic dose 0.2 mg. of edrophonium 
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is given intravenously. If the patient has been 
overtreated, weakness will increase, muscle 
fasciculation will appear and parasympathetic 
side reactions will occur. If the patient is under- 
treated, muscle strength will increase without 
fasciculation or side effects. Such management 
should prevent the development of a full blown 
cholinergic crisis. However, the occurrence of 
such a crisis calls for discontinuance of all 
medication, intratracheal intubation, tracheos- 
tomy and respirator care. 

Pulmonary complications occur because of 
the characteristic difficulties of swallowing and 
coughing. The profuse salivation and bronchor- 
rhea stimulated by the cholinergic drugs and 
the pain after operation aggravate these diffi- 
culties. The tracheobronchial tree should be 
thoroughly cleaned of secretions at the end of 
operation. The patient should be awake, 
responsive and able to cough when the opera- 
tion is completed. After operation the patient 
should be returned to a room equipped for the 
practice of isolation technic, the administration 
of oxygen, the aspiration of the pharynx and 
trachea, emergency tracheostomy and respira- 
tor care. A nurse should be with the patient 
constantly until he is completely capable of 
self-care. The nurse should be specially in- 
structed to recognize the symptoms of crisis. 
Every effort should be made to maintain good 
ventilation and clearing of secretions by regular 
breathing and coughing exercises and pharyngo- 
tracheal aspiration as necessary. Narcotics 
should be avoided or used in small amounts to 
avoid depressing respiration and cough. The 
pain after operation is not intolerable and, if the 
patient was well instructed and his confidence 
gained before operation, he will require no 
narcotics for pain. The administration of 
atropine to reduce the excessive salivary and 
bronchial secretions has the disadvantage of 
making these secretions thick, tenacious and 
most difficult for the patient to handle. It has 
the additional disadvantage of masking over- 
dosage with neostigmine and other cholinergic 
drugs. 

If pharyngotracheal aspiration fails to keep 
the patient’s bronchial tree free of secretion, 
tracheostomy should be performed. Although 
provision has been made for emergency trache- 
ostomy in the patient’s room, the need for it 
should be anticipated so that it can be per- 
formed as an elective procedure in the operating 
room. The time to perform tracheostomy is 


when one begins to wonder if the patient needs 
such a procedure. 

Respirator care is required if the patient 
becomes unable to maintain adequate pulmo- 
nary ventilation. Any patient requiring respira- 
tor care should undergo tracheostomy first. 

Antibiotics are not effective in the “prophy- 
laxis” of infections in patients of this type and 
should be reserved for the treatment of 
clinically manifested infections. 

An x-ray of the chest should be taken the day 
after operation to detect an unexpected 
pneumo- or hemothorax. Patients may be 
allowed progressively more food as tolerated. 
They are encouraged to sit up in bed and then 
to get out of bed as their condition permits. 
Half the sutures may be removed from the 
transverse wound in two days and the other 
half two days later. The sutures in the vertical 
wound are better left in for about eight days. 


SUMMARY 


1. Myasthenia gravis appears to be related 
to an abnormality of the thymus. 

2. A significant number of patients with 
myasthenia gravis benefit from thymectomy. 

3. After thymectomy for myasthenia gravis, 
about one-third of patients are much improved, 
one-third somewhat improved and one-third 
unimproved. 

4. Young myasthenic women with a rela- 
tively short history of the disease, gradually 
losing ground, and without a tumor of the 
thymus benefit most from thymectomy. 

5. Patients with thymomas should have re- 
section of the tumor regardless of the presence 
or absence of myasthenia. 

6. Thymectomy, with the patient under 
cyclopropane anesthesia, performed through a 
sternal-splitting approach in itself causes little 
risk. Deaths result after operation from pulmo- 
nary complications characteristic of myasthenia. 

7. The edrophonium test differentiates myas- 
thenic crisis from cholinergic crisis, a dan- 
gerous and lethal complication of cholinergic 
treatment. 


REFERENCES 


1. Anonymous. Thymectomy and myasthenia gravis. 
Lancet, 2: 512-513, 1958. 

2. BickerstaFF, E. R., Evans, J. V. and Woo yr, A. L. 
Ultra-structure of the myoneural junction in 
myasthenia gravis. Nature, London, 184: 1500, 


1959. 


Thymectomy for Myasthenia Gravis 


3. Bratock, A. Thymectomy in the treatment of 
myasthenia gravis. Report of twenty cases. J. 
Thoracic Surg., 13: 316-339, 1944. 

4. Biatock, A., Harvey, A. M., Forp, F. R. and 
LitienTHAL, J. L., Jr. The treatment of myas- 
thenia gravis by removal of the thymus gland. 
Preliminary report. J.A. M. A., 117: 1529-15433, 
1941. 

5. Bratock, A., Mason, M. F., Morcan, H. J. and 
Riven, S. S. Myasthenia gravis and tumors of the 
thymic region. Report of a case in which the 
tumor was removed. Ann. Surg., 110: 544-561, 


1939. 

6. CuHaneG, J., HARLAND, J. H. and Graves, H. B. 
Anaesthetic aspect of thymectomy for myasthe- 
nia gravis. Canad. Anaesth. Soc. J., 4: 13-20, 1957. 

7. Cuitp, C. G., 11 and Donovan, A. J. Surgery and 
the thymus. Am. J. Surg., 95: 366-370, 1958. 

8. Cracett, O. T. and Root, G. T. Surgical approach 
for tumors of the thymus. Surg., Gynec. e* Obst., 
78: 397-401, 1944. 

g. CLarkson, B. and Procxop, D. J. A regenerative 
anemia associated with benign thymoma. New 
England J. Med., 259: 253-258, 1958. 

10. Eaton, L. M. and Cracett, O. T. Present status 
of thymectomy in treatment of myasthenia 
gravis. Am. J. Med., 19: 703-717, 1955. 

11. Eaton, L. M. and Cracett, O. T. Thymectomy in 
treatment of myasthenia gravis. Results in 72 
cases compared with 142 control cases. J. A. M. 
A., 142: 963-967, 1950. 

12. Gros, D. Course and management of myasthenia 
gravis. J. A. M. A., 153: 529-532, 1953. 

13. GuturieE, L. G. “Myasthenia gravis” in the 
seventeenth century. Lancet, 1: 330-331, 1903. 

14. Iverson, L. Thymoma. A review and reclassifica- 
tion. Am. J. Path. 32: 695-720, 1956. 

15. Joske, R. A. The effects of thymectomy on the 
lymphocyte count in patients with myasthenia 
gravis. M. J. Australia, 45: 859-861, 1958. 

16. Kang, C. A. The effect of certain endocrine glands 
on myasthenia gravis. Am. J. Med., 19: 729-733, 
1955. 

17. Keynes, G. Thymectomy for myasthenia gravis. 
In: Maingot, R. Technics in British Surgery, pp. 
126-148. Philadelphia, 1950. W. B. Saunders Co. 

18. Keynes, G. Surgery of the thymus gland. Second 
(and third) thoughts. Lancet, 1: 1197-1202, 1954. 

19. Latres, R. and Jonas, S. The pathological and 
clinical features in eighty cases of thymoma. 
Bull. New York Acad. Med., 33: 145-147, 1957. 

20. LonemireE, W. P., Jr. Discussion of paper by Olson, 
H. H., Briggs, N. M. and Spickara, W. B. The 
present status of thymectomy in myasthenia 
gravis. A review of three cases. Am. J. Surg., 98: 
196-201, 1959. 

21. Murray, M. Discussion of paper by Lattes, R. and 
Jonas, S. [19]. 

22. OssERMAN, K. E. Studies in myasthenia gravis. 
Part 1. Physiology, pathology, diagnosis, and 
treatment. New York J. Med., 56: 2512-2522, 
1956. Part 11. Relationship of thymus to myas- 
thenia gravis. New York J. Med., 56: 2672-2683, 
1956. 

23. OssermaN, K. E. and Kaptan, L. I. Rapid diag- 


Musselman and Porter 


nostic test for myasthenia gravis: increased 
muscle strength, without fasciculation, after 
intravenous administration of edrophonium 
(Tensilon) chloride. J. A. M. A., 150: 265-268, 
1952. 

. OssERMAN, K. E., KornFevp, P., Couen, E., 
GENKINS, G., MENDELOw, H., GoLpBErG, H., 
Winps.ey, H. and Kaptan, L. I. Studies in 
myasthenia gravis. Review of two hundred 
eighty-two cases at the Mount Sinai Hospital, 
New York City. Arch. Int. Med., 102: 72-81, 
1958. 

25. Ross, R. T. Thymectomy in the treatment of 
myasthenia gravis. Lancet, 1: 785-787, 1952. 

26. Scuwas, R. S. and LELANp, C. C. Sex and age in 
myasthenia gravis as critical factors in incidence 
and remission. J. A. M. A., 153: 1270-1273, 1953. 

. Simpson, J. A. An evaluation of thymectomy in 
myasthenia gravis. Brain, 81: 112-144, 1958. 

. Sweet, R. H., Viets, H. R., Scuwas, R. S., 
VANDERVEEN, J. L. and Witkins, E. W. Tech- 
nique of thymectomy for myasthenia gravis. 
Arch. Surg., 76: 327-330, 1958. 


29. TENG, P. and OsserMan, K. E. Studies in myas- 
* thenia gravis: neonatal and juvenile types. J. Mt. 
Sinai Hosp., 23: 711-727, 1956. 

. TETHER, J. E. Management of myasthenic and 
cholinergic crises. Am. J. Med., 19: 740-742, 1955. 

. THEVENARD, A., LEGER, L. and Marques, J. M. 
Treatment of Erb-Goldflam myasthenia by 
denervation of the carotid sinus. J. Internat. Coll. 
Surgeons, 19: 548-554. 1953. 

. Viets, H. R. A historical review of myasthenia 
gravis from 1672 to 1900. J. A. M. A., 153: 
1273-1280, 1953. 

. Viets, H. R. Thymectomy for myasthenia gravis. 
J. A.M. 151: 1248, 1953. 

. Wacker, M. B. Treatment of myasthenia gravis 
with physostigmine. Lancet, 1: 1200-1201, 1934. 

. Witson, A. and Witson, H. The thymus and 
myasthenia gravis. Am. J. Med., 19: 697-702, 
1955. 

. Wootr, A. L., BaGnatt, H. J., BAuwens, P. and 
BickerstaAFF, E. R. A case of myasthenia gravis 
with changes in the intramuscular nerve endings. 
J. Path. er Bact., 71: 173-178, 1956. 


a) 


‘ 
412 


From the Sections of Medicine and Surgery, the Mayo 
Clinic and Mayo Foundation, Rochester, Minnesota. The 
Mayo Foundation is a part of the Graduate School of the 
University of Minnesota. 


umor of the islet cells of the pancreas with 
‘aoe hypoglycemia is a relatively 
rare condition. According to the literature, the 
first such tumor was found at operation by 
Mayo in 1927 [16]. Unfortunately, the tumor 
was malignant, had metastasized to the liver 
and could not be removed. The first successful 
removal of an adenoma of the islet cells asso- 
ciated with hyperinsulinism was performed by 
Graham [6] in 1929. 

Spontaneous hypoglycemia may be pro- 
duced by numerous organic lesions and func- 
tional conditions that interfere with the normal 
homeostatic mechanisms which serve to regu- 
late the blood glucose level [3,13]. Functioning 
islet cell tumors comprise one of the most 
important causes of spontaneous hypoglycemia. 
In some patients clinical detection and surgical 
removal of such tumors may prove exceedingly 
difficult. 

Clinical and surgical experiences in the 
management of hyperinsulinism at the Mayo 
Clinic during the years 1927 to 1953 were 
reported in 1955 [2]. An actual tumor of the 
islet cells was found in seventy-five of ninety 
patients with suspected hyperinsulinism. Dur- 
ing the subsequent five-year period, 1954 
through 1958, nineteen additional patients with 
proved functioning islet cell tumors were ob- 
served at the clinic. A functioning tumor 
located in the head of the pancreas also was 
excised in one patient from a group of twelve 
patients who had previously failed to note 
relief of symptoms after partial pancreatectomy. 
Thus, at the Mayo Clinic in the years 1927 
through 1958, ninety-five functioning islet cell 
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tumors have been found in 109 patients who 
satisfied rigid diagnostic criteria for hyper- 
insulinism.* The remaining fourteen patients 
constitute a rather heterogeneous group. Four 
had no further trouble after operation even 
though no tumor was found at exploration. Five 
died within a few years, under circumstances 
not known but possibly related to hypogly- 
cemia. One later underwent operation for re- 
moval of a tumor. Follow-up information on 
two patients was not sufficient to evaluate their 
subsequent course. One patient is now living 
with mild symptoms; the other patient died 
later and no tumor was found at necropsy. 
Eighty-five (89.5 per cent) of the tumors 
have been classified as adenomas, while ten 
tumors (10.5 per cent) were obvious carci- 
nomas of the islets with metastasis. We have 
included in the adenoma group twenty-four 
borderline tumors which were interpreted by 
the pathologist as showing grade 1 islet cell 
carcinoma, since it has been our experience that 
all but one of the patients with so-called grade 1 
adenocarcinomatous changes behaved clinically 
as if the tumor were benign. Marshall [7] also 
emphasized that although mitotic figures are 
often seen in cells of islet cell adenomas, these 
tumors are not necessarily malignant. We 
have not encountered a patient with diffuse 
hyperplasia of the islet cells as a cause of 
hyperinsulinism. 


CLINICAL ASPECTS 


The clinical signs and symptoms associated 


with hypoglycemia are the same regardless of 


* Cases of multiple endocrine adenomas, including 
functioning islet cell tumors, as reported by Underdahl 
and associates [!7], and two cases of fibrogenic tumors 
[12] associated with spontaneous hypoglycemia are not 
included in the series. 
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TABLE 1 
AGE DISTRIBUTION RELATED TO SURGICAL FINDINGS 
IN 109 PATIENTS 


TABLE I 
PATHOLOGIC FINDINGS AND SEX RELATIONSHIP 
IN 109 PATIENTS 


| | 
| Metasta- | 

sizing | Total | Normal 
Tu- | 


| Ade- | 


Age (yr.) noma 


Carci- Pancreas 


mors 
noma 


| 


its cause. Neurologic and psychiatric phenom- 
ena comprise the most alarming and dramatic 
manifestations of hypoglycemia. Restlessness, 
irritability, apprehension, sweating and mild 
mental confusion are some of the early mani- 
festations of a hypoglycemic state. If hypo- 
glycemia remains untreated, agitation, protuse 
sweating, diplopia and bizarre psychiatric 
behavior may supervene, ultimately culminat- 
ing in a state of coma with or without asso- 
ciated convulsions. 

The physiologic mechanism by which hypo- 
glycemia produces these symptoms is not fully 
understood but in the presence of hypoglyce- 
mia, depression of oxidative processes in the 
cells of the central nervous system has been 
demonstrated. Electroencephalographic trac- 
ings during hypoglycemic attacks have revealed 
findings similar to those seen in other conditions 
in which anoxia of the central nervous system 
exists. Extensive and irreversible brain dam- 
age or neuropathy [9] may result from fre- 
quent unrecognized and untreated episodes of 
hypoglycemia. 

Functioning islet cell tumors may develop at 
any age, as shown in Table 1, with the greatest 
incidence occurring in the fourth through the 
sixth decade of life. There was a fairly equal 
sex distribution, with fifty-three males and 
fifty-six females in the group. Metastasizing 
carcinomas were found in eight males as com- 
pared to two females. (Table 11.) A positive 
family history for diabetes was present in 
twenty-three of eighty cases in which a definite 
statement regarding this aspect of the family 
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Condition 


Metasta- | 
Ade- aS | Normal 
sizing 
noma Pancreas 
Carcinoma 


Time of discovery: 
First operation 
Biopsy (first 

operation).......| 
Second operation. . .| 
Necropsy 


Total 


Sex of patients: | 


* Metastasis to liver found in one patient; three 
previous operations had been performed elsewhere with 
removal of grade 1 adenocarcinoma of the pancreas at 
initial operation. 

t Adenoma found in one patient at fourth operation. 


history was recorded. This percentage of posi- 
tive cases (29 per cent) far exceeds that of the 
population in general. In contrast to the prob- 
lem of functional hypoglycemia, patients with 
islet cell tumors most frequently experience 
their attacks during fasting or after vigorous 
physical exercise. The attacks usually come on 
during the early morning hours or late in the 
afternoon, especially if the noon meal is missed. 
The patient may awaken in a state of confusion 
and exhibit bizarre behavior patterns. A noc- 
turnal convulsive seizure may usher in the 
first indication of trouble. 

Of ninety-five patients having islet cell 
tumors, fifty-eight reported the occurrence of 
early morning attacks of hypoglycemia caused 
by hyperinsulinism, ten did not have early 
morning attacks, and no statement was made 
by twenty-seven patients regarding such 
attacks. Of fourteen patients who had hyper- 
insulinism but who did not have tumors, five 
had early morning attacks of hypoglycemia, 
two did not and seven made no report in this 
matter. Many patients learn that symptoms 
may be averted by frequent small feedings and 
thus they follow a self-imposed program in- 
cluding a feeding at 2 or 3 A.M. In such patients 


— — 

24 3 27 3 

3 24 6 9 (| 

II I | 12 st | 

70 Or OVer....... I Oo I I 3 | 1 

10 95 14 | 10 14 
52 2 2 


TABLE Ul 


HIGHEST CONCENTRATION OF BLOOD SUGAR AFTER 
OVERNIGHT FASTING IN I0Q PATIENTS 
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TABLE IV 
DURATION OF FAST NECESSARY TO PRODUCE 
HYPOGLYCEMIC ATTACK 


Patients with 
Tumor (95) Patients 
Concentration of | with 
Sugar | Normal 
mg./100 ml. blood*) Ad | Metasta- | Pancreas 
x sizing (14) 
| Carcinoma 
0 | 
| 16 2 I 
| 18 2 6 
More than 65........| 23 3 6 


* Folin-Wu method: normal range 80 to 120 mg. per 
100 ml. of blood. 


the problem of obesity often makes abdominal 
exploration more difficult. The values for over- 
night fasting blood sugar in cases of suspected 
hyperinsulinism may be in the normal range. 
However, it should be noted (Table 1m) that 
69 per cent of patients in the present series had 
values for blood sugar after overnight fasting 
that were 65 mg. or less per 100 ml. of blood by 
Folin and Wu’s method. Glucose tolerance tests 
have proved of little diagnostic value since the 
results can vary from a flat to a diabetic type of 
curve. 

As stressed by Breidahl and associates [2], 
intolerance of patients with functioning islet cell 
tumors to prolonged fasting forms the basis for 
the most reliable diagnostic procedure we can 
employ. The patient is hospitalized and fasted, 
if necessary, for seventy-two hours. He is 
allowed black coffee or tea as desired and is 
kept active during the waking hours, since 
exercise assists in producing hypoglycemic 
symptoms. Under these circumstances, occur- 
rence of a typical attack with proved con- 
comitant hypoglycemia and relief of the symp- 
toms and signs with oral or intravenous 
administration of glucose constitutes the 
definite diagnostic criteria outlined by Whipple 
[15]. The “triad of Whipple” has been used 
extensively in evaluating the condition of pa- 
tients suspected of having a functioning tumor 
of the pancreas. Analysis of the results of the 
fasting tests in eighty-nine patients revealed 
that a typical attack with associated hypogly- 


415 


Duration of Fast (hr.) 
No. of 
Condition Patients M 
ore 
Studied | 12 or 13 to | 25 to| 4h 
less 24 48 
48 
Adenoma..... . 74 25 29 18 2 
Metastasizing 
Normal 
pancreas. ... 10 4 3 3 
Total..... 89 30 36 21 2 
TABLE v 


LOWEST LEVEL OF BLOOD SUGAR DURING 
HYPOGLYCEMIC ATTACK 


Patients with 
Tumor (95) Patients 
Total with 
Concentration of Sugar a. Normal 
(mg./too ml. of blood) | sents Metasta- | Pancreas 
Ade- sizing 
: (14) 
noma} Carci- 
noma 
21-25 16 15 °o I 
26-30 24 18 4 2 
34 27 5 2 
25 17 I 7 
8 7 I 
More than 45 I o °o I 
109 85 10 14 


cemia could be reproduced in sixty-six patients 
(74 per cent) within twenty-four hours after 
induction of the fast. In only two patients was 
it necessary to continue the fast longer than 
forty-eight hours. (Table 1v.) In our experi- 
ence, patients almost always have a concentra- 
tion of blood sugar of 45 mg. per 100 ml. or 
lower (Folin and Wu’s method) during an 
attack of hypoglycemia caused by a function- 
ing tumor of the islet cells. (Table v.) 

The tolbutamide tolerance test may prove to 
be an additional valuable diagnostic procedure 
in the detection of islet cell tumors. Fajan and 
Conn [4] have reported the induction of pro- 
longed hypoglycemia by the intravenous 
administration of 1 gm. of sodium tolbutamide 
to patients subsequently proved surgically to 
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have functioning islet cell tumors. In normal 

| persons who receive tolbutamide intravenously, 
the concentration of blood sugar usually returns 
to normal within two hours. 


DIFFERENTIAL DIAGNOSIS 


Functional hypoglycemia refers to a disturb- 
ance in the nervous regulation of the concentra- 
tion of blood sugar manifested by hypoglycemic 
symptoms from two to four hours after the in- 
take of meals of average or high carbohydrate 
value in patients who invariably have asso- 
ciated emotional problems. Attacks in the early 
morning or before breakfast do not develop in 
patients with functional hypoglycemia, nor are 
symptoms provoked by the omission of break- 
fast. Hypoglycemia usually occurs but it can be 
demonstrated only within two to four hours 
after meals, because the symptoms are usually 
transitory and often will subside spontaneously 
in fifteen to twenty minutes. Weakness, hunger, 
inward trembling, sweating and rapid pulse 

/ comprise the most common symptoms experi- 
enced by these patients. Actual loss of con- 
sciousness or convulsions rarely, if ever, occurs 
in patients, with functional hypoglycemia. 

The symptoms are not progressive in nature 
and the frequency of attacks varies in propor- 
tion to the degree of associated emotional stress 
and anxiety. The ability of patients to tolerate 
a seventy-two-hour fast is usually within nor- 
mal limits, and under such stress the concentra- 
tion of sugar rarely drops below 50 mg. per 
100 ml. of blood. The distressing symptoms 
experienced by these patients may be pre- 
vented by the use of a diet high in protein and 
low in carbohydrates with adequate fat to 
maintain caloric requirements. The diet is 
divided into three feedings with protein 
and carbohydrate proportions divided equally 
among the meals. The emotional problems 
which confront these patients should not be 
ignored and, when possible, psychiatric con- 
sultation should be sought. 

Severe spontaneous hypoglycemia associated 
with large fibrogenic mesodermal tumors of the 
abdomen or thorax and neoplasms of the 
adrenal cortex have also been reported [12]. In 
a recent review of the literature, Sprague [14] 
was able to collect nineteen cases of fibrogenic 
mesodermal tumors and nine cases of adrenal 
cortical tumors associated with hypoglycemia. 
The large size of these neoplasms has been a 
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conspicuous feature in all cases. In none of the 
reported cases of fibrogenic tumors has a 
primary pancreatic origin been proved. Exces- 
sive consumption of glucose has been considered 
the most likely explanation for hypoglycemia, 
although in one case August and Hiatt [7] have 
been able to demonstrate insulin-like activity 
in an extract from a fibrosarcoma which 
weighed 1,370 gm. The exact mechanism, how- 
ever, by which these tumors cause hypoglyce- 
mia remains to be clarified. 

Although infrequent, fasting hypoglycemia 
may occur in patients having advanced hepatic 
disease and hypofunction of the anterior 
pituitary gland or adrenal cortex. Usually other 
stigmas of these clinical disorders are present 
which will enable the physician to make a 
definitive diagnosis. Hypoglycemia in infants 
due to functioning islet cell tumors is uncom- 
mon [4]. Glycogen storage disease, galactosemia 
and idiopathic hypoglycemosis, as described by 
McQuarrie and associates [8] are other impor- 
tant causes uf spontaneous hypoglycemia in 
infants. 

The possibility of malingering by self- 
administration of insulin always should be kept 
in mind. Several patients seen at the clinic lost 
their symptoms of hypoglycemia promptly 
when they were deprived of their surreptitious 
source of insulin. 


SURGICAL ASPECTS 


For the best exposure of the entire pancreatic 
region, the abdomen is entered through a 
transverse upper abdominal incision [112]. After 
routine exploration of the abdomen, careful 
attention is directed to the pancreas, liver and 
regions where-ectopic pancreatic tissue may 
occur. 

The gastrocolic omentum is opened widely, 
allowing for forward and upward retraction of 
the stomach and downward retraction of the 
colon to permit careful inspection of the entire 
body and tail of the pancreas. The peritoneum 
may then be incised along the superior and 
inferior margins of the pancreas to allow 
mobilization of the body and tail. The body and 
tail of the pancreas are then palpated carefully 
between the forefinger and thumb. The head of 
the pancreas is mobilized by incising the 
peritoneum lateral to the second portion of the 
duodenum, thus mobilizing the duodenal loop 
and adjacent pancreas. Once this has been 
accomplished, the head of the pancreas is care- 


TABLE VI 
SITE OF ORIGIN OF NINETY-FIVE ISLET CELL TUMORS 
IN PANCREAS 


Type of Tumor Total 
Site of Origin Metasta- 
Ade- sizing N Per 
noma Carci- ©! cent 
noma 
Head. . 23 I 24 5.3 
Body. . 24 I 25 26.3 
28 3 31 32.6 
Junction of body 
6 2 8 8.4 
| 4* 4 4.2 
Not stated....... 3 3 
| 10 95 | 100 


*Single adenoma removed at first operation and 
multiple adenomas removed at second operation in one 
patient. Multiple adenomas found at necropsy in one 
patient, 


fully inspected and palpated to detect the 
presence of a possible tumor. 

If a solitary tumor is found in the head, body 
or tail of the pancreas, it usually can be excised 
locally. If, however, the tumor in the body or 
tail is of such a nature and location that local 
excision is not possible, then removal of the 
tumor and all the pancreas located to the left of 
the tumor is indicated. Islet cell tumors on the 
head of the pancreas may, at times, present a 
difficult problem from the standpoint of re- 
moval since extreme caution must be used to 
avoid damage to the common bile duct or to the 
pancreatic ducts. In order that damage to these 
structures may be prevented, it may be neces- 
sary occasionally to open the common duct and 
to expose the ampulla of Vater through a 
transduodenal incision. This procedure makes 
it possible to place probes in the common duct 
and the main pancreatic duct so that their 
exact locations can be determined before serious 
injury occurs. 

If an islet cell tumor in the pancreas cannot 
be identified grossly or palpated even though its 
presence is suspected, and if the requirements 
of Whipple’s triad have been fulfilled, a so- 
called blind resection of a portion or portions 
of the pancreas is commonly performed. In our 
experience approximately 70 to 75 per cent 
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Fic. 1. Benign adenoma of the islands of Langerbans 
producing hypoglycemia. 


(Table v1) of islet cell tumors of the pancreas 
have been found in the body and tail of the 
pancreas. It is largely because of this fact that 
when a tumor is not palpable or grossly dis- 
cernible, it has been our practice to resect the 
tail and body of the pancreas to the superior 
mesenteric vessels. It is the practice of some 
surgeons to resect the remaining portion of the 
pancreas at this time if the pathologist does not 
find a tumor in the resected tail and body of the 
gland. It is our practice to defer further removal 
of pancreatic tissue to a later date under these 
circumstances because sometimes the patholo- 
gist may locate a small tumor only after re- 
peated and prolonged examination of the 
surgical specimen. If further examination fails 
to reveal a tumor and the patient’s symptoms 
are not relieved, a subsequent operation is 
performed. 

A large tumor usually can be located without 
difficulty, but unfortunately many of the 
tumors are quite small and difficult to palpate. 
An islet cell tumor on the anterior surface of the 
gland has the appearance of a smooth, homo- 
geneous nodule. (Figs. 1 and 2.) Often the tumor 
may be a little darker than the surrounding 
pancreatic tissue; however, it may be lighter 
than normal pancreatic tissue. Thus it is readily 
noted that gross identification of a small tumor 
may be fraught with difficulty. Unfortunately, 
many of the small tumors are within the body of 
the pancreatic parenchyma. Their consistency 
may be virtually the same as that of normal 
pancreatic tissue and therefore they may not be 
palpable unless they are at least 1 cm. in 
diameter. 

In our experience, islet cell tumors are 
multiple (Figs. 3 and 4) in at least 4 per cent of 
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Fic. 2. Benign, cellular adenoma of the islands of 
Langerhans removed from the head of the pancreas. 
The tumor measured 8 by 5 by 5 mm. Hematoxylin and 
eosin stain. 


patients. (Table vi.) It is therefore important 
that the entire pancreas be examined carefully, 
even though a single adenoma is readily found 
and removed. It is also important to search for 
ectopic pancreatic tissue, especially if no tumor 
is found in the pancreas, since islet cell tumors 
have been found in these regions. Ectopic 
pancreatic tissue occurs most commonly in the 
distal portion of the stomach and in the first 
and second portions of the duodenum. 

If, after total extirpation of all pancreatic 
tissue, the patient continues to exhibit the 
cardinal symptoms of hyperinsulinism, the 
presence of a metastatic malignant lesion 
should be considered. (Fig. 5.) Exploration may 
reveal an unusual type of fibrogenic tumor 


Fic. 4. Grade 3 islet cell carcinoma. Note invasion 
of large veins by neoplastic cells; mitotic figures 
were observed within the vessels. Hematoxylin and 
eosin stain. 
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Fic. 3. Grade 1 malignant islet cell tumor with asso- 
ciated hyperinsulinism. The tumor measured 5 mm. in 
diameter. 


which is responsible for the hypoglycemia. Such 
tumors have been found most frequently in 
retroperitoneal tissue but have also been re- 
ported within the thorax. 

Occasionally total pancreatectomy may be 
necessary in order to remove the tumor or 
tumors. The first successful total pancreatec- 
tomy was performed in 1942 [zo]. In that case, 
an islet cell tumor was found in the last portion 
of pancreas to be removed, a portion which lay 
in immediate proximity to the duodenum. The 
patient is still alive (1959), requires only a 
moderate amount of insulin and no other 
substitutional therapy. She lives a normal life 
and feels well. As mentioned previously, we 
do not recommend total pancreatectomy 
as a primary procedure in the treatment of 
hyperinsulinism. 


4 = a | 
Fic. 5. Metastatic islet cell carcinoma. Nodule in liver. 
Note close resemblance to islet cell pattern with con- 
siderable degree of atypia of the individual cells. 
Hematoxylin and eosin stain. 


RESULTS OF SURGICAL TREATMENT 


After removal of a functioning islet cell 
umor producing hyperinsulinism, hypergly- 
emia may exist for several days or longer. 
insulin therapy may be necessary during this 
period. 

The results of operation for hyperinsulinism 
lepend, as would be expected, on the findings at 
operation and on the surgical procedure. Ifa sin- 
zle benign adenoma is present and removed, cure 
nay reasonably be expected; although recur- 
rence of symptoms in a few such patients has 
occurred some years later, this appears to be due 
to a newly formed adenoma rather than to re- 
currence of the previous adenoma, as this term 
is ordinarily used. If multiple benign adenomas 
are present, but one or more are not removed at 
the original operation, symptoms will persist 
and further operation will be necessary. If no 
tumor is found at the first operation and the 
tail and body of the pancreas are resected, cure 
may be expected if a tumor is found in the 
resected pancreatic tissue. Cure is not expected, 
however, if no tumor is found in the surgical 
specimen. Rarely, for reasons unknown to us, 
however, a complete and lasting remission may 
occur In a case even under these circumstances. 
Possibly a small tumor was overlooked in the 
surgical specimen. It has been suggested that 
hyperfunction of the islet cells may occur in the 
absence of a tumor but we know of no such 
authenticated case. 

If a metastasizing type of malignant tumor is 
found in the islet cells, the prognosis is poor; in 
fact, we do not know of any such patient who 
has been cured. Radiation or steroid therapy 
may be helpful in controlling at least tempo- 
rarily the hypoglycemic symptoms that may 
result from functioning metastatic tumors. 
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Fibrogenic Mesodermal Tumors, An 
Unusual Cause of Hyperinsulinism 


STANLEY R. FRIESEN, M.D. AND Don R. MILLER, M.D., Kansas City, Kansas 


From the Department of Surgery, University of Kansas 
School of Medicine, Kansas City, Kansas. 
N occasional fibrogenic tumor originating 
from mesodermal elements is associated 
with severe hypoglycemia and produces in pa- 
tients a clinical picture which is almost indis- 
tinguishable from that caused by islet cell 
tumors of the pancreas. Extracts of certain of 
these tumors have been shown to possess 
insulin-like activity on biologic assay [3,70], an 
interesting but unexplained finding. When it is 
considered that the fibrogenic tumors which 
“‘caused the hyperinsulinism” contain no cells 
resembling pancreatic islet cells it is even more 
remarkable. 

The clinical manifestations of these function- 
ing tumors of mesodermal origin group them- 
selves easily with those described in 1939 [21] 
as diagnostic of islet cell tumors and generally 
referred to as Whipple’s triad. These are 
“attacks of nervous or gastrointestinal dis- 
turbances coming on in the fasting state, 
associated with hypoglycemia with blood sugar 
values below fifty milligrams per cent, and 
immediate relief of symptoms following the 
ingestion of glucose.’ The hypoglycemia asso- 
ciated with functioning fibrogenic tumors mav 
be quite severe; fasting blood sugar levels of 
10 to 20 mg. per cent have been reported. The 
pancreas, on surgical exploration, is normal in 
appearance but has been noted to contain a 
microscopic increase in fibrous tissue elements. 
The symptoms and the hypoglycemia entirely 
disappear after the fibrogenic tumor has been 
satisfactorily removed and can ultimately re- 
appear if there is recurrence of the tumor. An 
interesting and possibly significant clinical 
feature has been observed in two patients who, 
in addition to the regular symptoms, exhibited 
minute papillomatous lesions of the skin which 
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spontaneously disappeared when the function- 
ing tumor had been surgically removed [6,70]. 

The pathologic features of the functioning 
tumors indicate that they usually have attained 
a large size by the time diagnostic hypoglycemic 
symptoms occur, are well encapsulated and are 
slow growing (one tumor is known to have been 
present in a patient for nine years) [10]. Some 
of these characteristics are exemplified by the 
roentgenograms of two patients previously re- 
ported on. (Figs. 1 and 2.) Cystic degeneration 
has been noted within the tumors, possibly due 
to their large size. The microscopic appearance 
usually is that seen in fibromas, mesotheliomas 
or sarcomas of various types. (Fig. 3.) The 
tumors rarely metastasize and are situated 
generally in the mediastinal, diaphragmatic or 
retroperitoneal areas. 

The paucity of reported cases indicates that 
the incidence of such functioning fibrogenic 
tumors fortunately is low; only twenty patients 
are known to have been described in the 
literature [1-3,5,7-10,12-20]. Other isolated 
cases, although unpublished, are known to exist 
and probably there are others which have been 
overlooked. The reports include patients rang- 
ing in age from sixteen to eighty-two years. The 
ratio of females to males is approximately 2:1. 
The first report, by Doege [5], appearing in 1939 
described the successful removal of a large 
mediastinal fibrosarcoma from a patient who 
was relieved of symptoms suggestive of hypo- 
glycemia; blood sugar determinations, how- 
ever, were not reported. Among the reported 
cases there are eleven in which the tumors have 
been removed with resultant cessation of hypo- 
glycemia and its associated symptoms. (Fig. 4.) 

Biologic assays for insulin activity have been 
attempted in seven instances but have been 
successful in only two. In 1958 August and 
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Fic. 1. X-ray appearance of a large fibrous mesothelioma involving the right 
side of the diaphragm in a patient with severe hypoglycemia. (Figures 1 through 


Fibrogenic Mesodermal Tumors 


4 from: FRIESEN, S. R. and Miter, D. R. Hypoglycemia due to non-pancreatic 
mesodermal tumors. Ann. Surg., 150: 684, 1959.) 


Fic. 2. This large malignant mesodermal tumor, ap- 
parently arising in the prostate, was associated with 
Whipple’s triad in another patient. 


Hiatt [3] reported the assay of a tumor exhibit- 
ing insulin activity three times that found to be 
present in the pancreas of a normal woman, 
using the rat diaphragm method of Vallance- 
Owen. Insulin activity was greater in fibrous 
elements of the tumor than in cellular areas. In 


Fic. 3. Microscopic appearance of a functioning fibrous 
mesothelioma, characterized by spindle-shaped cells, 
little stroma, lack of pattern and large vascular chan- 
nels. Foci of necrosis were observed in some sections. 


1959 Bolinger [10] assayed a diaphragmatic 
mesothelioma which had produced severe hypo- 
glycemia in a patient, and found insulin 
activity of 2.0 milliunits per gram of tumor 
when the extract was diluted 100 times. The 
method of extraction was a modification of 
that described by Best, Jephcott and Scott [4], 
and the method of assay was that of Wille- 
brands, Geld and Groen [22]. That the ex- 
tracted substance from the tumor is similar to 
insulin is further suggested by the fact that the 
extract increased the glycogen content of the 
rat diaphragm. Metastases, when present, are 
apt not to show insulin activity, presumably 
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Fic. 4. Blood sugar determinations in a fifty-nine year old white woman with a 
fibrous mesothelioma of the diaphragm. Successful removal of the mesothelioma 
eliminated further attacks of hypoglycemia which had not been prevented by 


distal pancreatectomy. 


because of their smaller size; only larger tumors 
appear to produce hypoglycemia. Necropsy 
material (in one instance nine hours post- 
mortem) may not elicit insulin activity. It is 
important to emphasize that biologic assays 
should be performed on freshly frozen unfixed 
tissues, preferably of the primary tumor which 
has been either surgically excised or biopsied. 
Numerous theories of the cause of hypogly- 
cemic symptoms in patients with large fibro- 
genic tumors have been postulated. Some 
theories suggest a purely mechanical relation- 
ship, such as tumor pressure on the splanchnic 
nerves interfering with hepatic mobilization of 
glycogen [16] or pressure displacement of the 
heart causing interference with adequate 
cerebral circulation from poor venous return [5]. 
Other theories imply a competition by the 
tumor for carbohydrate nourishment [7], or 
suggest that insulinase inhibitor is liberated by 
the tumor [11,15] or that the spindle cells of the 
tumor resemble beta-type islet cells of the 
pancreas and thereby secrete insulin [rg]. 
Miller et al. [zo] suggest that insulin-like 
substance originates from the breakdown 
products of these large tumors, on the basis of 
the following observations: cystic degeneration 
has been noted in larger tumors; hypoglycemic 
symptoms usually appear when the tumors 
reach a large size; and insulin activity has been 
present in such tumors. A generalized abnor- 
mality of fibrous tissue growth in these patients 
is suggested not only by the fibrous nature of 
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the tumor itself but also by the observed 
spontaneous appearance and disappearance of 
fibrous papillomas of the skin. It is entirely 
conjectural why some fibrous tumors should be 
associated with hypoglycemia while the major- 
ity are not; perhaps many tumors are capable 
of altering carbohydrate metabolism or even 
liberating an insulin-like material without this 
being clinically observable. At any rate, a final 
explanation of the interesting phenomenon of 
the association of hypoglycemia with certain 
non-pancreatic fibrogenic tumors has not been 
found. More specitic and detailed biologic 
studies of fresh tissues are necessary for 
clarification of the problem. 

The clinical management of these unusual 
hypoglycemia-producing tumors requires espe- 
cial consideration because the asscciated symp- 
tomatology so strongly suggests an islet cell 
tumor of the pancreas. For this reason explora- 
tion of the pancreas and even resection of 
questionable pancreatic lesions have been 
performed in the past. It is important, of 
course, that alimentary, hepatic and adreno- 
cortical causes of hypoglycemia be excluded in 
the diagnosis. When it is known that a large 
tumor is present in the area of the mediastinum, 
diaphragm or retroperitoneum, serious con- 
sideration must be given to the possibility that 
it may be the cause of the hypoglycemia. If the 
suspected tumor is below the diaphragm, it is 
relatively simple to explore the pancreas and 
the tumor at the same operation; if the pancreas 
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appears normal and the tumor fits the descrip- 
tion of a large encapsulated fibrous mass, an 
attempt to remove the tumor is advisable if 
conditions of the operation portend a safe 
removal. If excision is not possible, a biopsy 
specimen should be taken for histologic study 
and biologic assay (frozen tissue). Deep roent- 
gen therapy may be used in such an instance; 
palliation of hypoglycemic episodes in a patient 
by such therapy was reported by Scholz, 
Woolner and Priestly [rs]. If, on the other 
hand, the tumor is known to be situated in a 
body cavity apart from that of the pancreas 
(e.g., a mediastinal tumor), there are alterna- 
tive approaches to the problem which the pa- 
tient and his physicians may follow, such as 
primary and direct attempt at removal of the 
tumor or preliminary transabdominal explora- 
tion of the pancreas. In the latter circumstance, 
excision of the pancreas should not be per- 
formed except for definitely recognizable islet 
cell tumors. The advantages and disadvantages 
of these approaches should be considered 
seriously in the individual case. 


SUMMARY 


Severe hypoglycemia suggesting an organic 
etiology and fulfilling Whipple’s triad may 
occasionally be associated with non-pancreatic 
fibrogenic tumors of mesodermal origin. Such 
tumors, usually mesotheliomas, fibromas or 
fibrosarcomas, are located ordinarily in the 
mediastinal, diaphragmatic or retroperitoneal 
areas. They have a tendency to encapsulate and 
only occasionally metastasize. Their successful 
removal is followed by relief of hypoglycemic 
symptoms, and insulin activity has been meas- 
ured from extracts of freshly frozen tumor 
tissue. It has been suggested that areas of cystic 
degeneration within the large primary tumor 
are the sites of origin of the insulin activity, 
but the exact mechanism of the uncommon 
association of hypoglycemia with fibrogenic 
tumors has not been clarified. 
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Ulcerogenic Tumors of the Pancreas 
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— possibility that the pancreas plays a role 
in the etiology of peptic ulcer has been 
considered for years [1-4]. In 1955 a clinical 
association between non-beta islet cell tumors 
and peptic ulcer was suggested [5]. At that time 
two patients were described, both of whom had 
non-beta islet cell tumors of the pancreas and 
an incredibly severe peptic ulcer diathesis. A 
syndrome was hypothesized consisting of three 
cardinal findings: (1) excessive gastric secre- 
tion, (2) fulminating, often atypically located, 
peptic ulceration, and (3) non-insulin—produc- 
ing islet cell tumor of the pancreas. Since 
considerable interest has been aroused regard- 
ing the validity of this proposed syndrome, an 
appraisal is now in order. 

Since 1955 approximately seventy-five cases 
of ulcerogenic tumors, based on the original 
description, have been verified through the 
literature, review of hospital records [40] and 
personal communication with the authors and 
Edwin Ellison [5-50]. The opinions from all 
these sources fall into the following five cate- 
gories: (1) support of the syndrome by case 
reports; denial on the basis of (2) polyglandular 
involvement, (3) hypothalamic stimulation or 
(4) hypertrophy and hyperplasia of the islets; 
and finally (5) independent involvement of the 
small intestine. 

1. Strongest evidence in support of the 
ulcerogenic syndrome comes from the number 
of cases reported since the original description 
appeared [5—4o0]. 

2. The paramount importance of the islet cell 
tumor of the pancreas in ulcer formation has 
been questioned by Wermer [15], who for years 
has emphasized the frequency of peptic ulcera- 
tion associated with multiple tumors of the 
endocrine glands. Because of the familial 
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incidence of the polyglandular syndrome, he 
suggested a hereditary basis for these lesions. 

The syndrome which Wermer [51] terms 
“‘adenomatosis of endocrine glands” is rare. 
Moldawer et al. [16] collected twenty-eight 
cases in 1954. This syndrome is made up of 
tumors of two or more of the following glands: 
the pancreatic islets, parathyroids and pituitary. 
Wermer [51] has come to believe that adenomas 
of the thyroid and adrenal cortex should be 
included as well as certain non-endocrine 
anomalies, such as peptic ulcers, gigantic 
gastric rugae (Menetrier’s disease) and lipomas 
in various locations. Porter [52] has observed 
another interesting phenomenon: extension of 
gastric glands to the pylorus, completely re- 
placing the antral mucosa. The ordinary 
endocrine adenoma is solitary and is made up of 
one cell type with the rest of the gland being 
normal or atrophic. However, the tumors in this 
disease are frequently multiple and can be 
comprised of one or all of the cell types peculiar 
to each gland. Also, the rest of the glandular 
tissue is characteristically hyperplastic. This 
distinctive histologic pattern provides the clue 
for further investigation of the endocrine sys- 
tem when such a tumor is found. 

Seven of twenty-eight patients with adeno- 
matosis of the endocrine glands, as reported by 
Moldawer et al. [76], had peptic ulcers. Six of 
these seven patients had non-beta islet cell 
adenomas which are included in the collected 
series of seventy-five ulcerogenic tumors re- 
ported herein. Ten additional patients in the 
group with ulcerogenic tumors had associated 
endocrine tumors, bringing the total to sixteen 
of seventy-five cases. There is evidently some 
relationship between these two disease states. 
There is also a difference, however, since the 
majority of patients with ulcerogenic tumors 
have not had additional endocrine tumors or 
the histologic pattern associated with these 
tumors. While there is general agreement with 
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Wermer [15] that adenomatosis of the endocrine 
glands is hereditary, Moldawer et al. [16] point 
out that the genetic pattern for peptic ulcera- 
tion in these patients is not as clearly defined. 
Only complete and careful study of future cases 
will elucidate this relationship. 

Parathyroid adenoma is the most common 
tumor associated with the ulcerogenic tumor 
syndrome, followed by pituitary adenoma. 
Hyperfunction of both these glands has been 
associated with peptic ulcers. 

Approximately one-fourth of patients with 
hyperparathyroidism have associated gastric 
hypersecretion and peptic ulceration. This 
ulceration is usually controlled by removing the 
overfunctioning parathyroid tissue [53-57]. In 
at least two instances in the present study, 
however, removal did not control the ulcer 
tendency when a non-beta islet cell tumor of the 
pancreas was also present [18,46]. 

While eosinophilic adenomas of the pituitary 
have been associated with an_ ulcerogenic 
tendency, the predominant cell type and true 
incidence of these adenomas in polyglandular 
disease have not been well established [60]. 
Adrenal cortical adenomatosis has also been 
found, but steroid studies of some of these pa- 
tients with a coexisting ulcerogenic syndrome 
have failed to show an increased secretion from 
these tumors [5,14,16]. 

3. Those who question the existence of an 
ulcerogenic hormone from the pancreas have 
produced alternate hypotheses to account for 
the severe ulcer diathesis. Notable among these 
is Waddell and associates’ [32] suggestion that 
the hypothalamus is instrumental. An attempt 
was made to show that gastric hypersecretion 
in patients with ulcerogenic tumors was due to 
the same abnormal physiologic process asso- 
ciated with the ordinary duodenal ulcer. Two 
patients with a severe ulcer diathesis and gastric 
hypersecretion were studied. One patient had a 
non-beta islet cell carcinoma; the other had no 
pancreatic abnormality at autopsy. In both 
patients the volume of gastric secretion de- 
creased after stimulation with peptone broth, 
histamine and insulin hypoglycemia. These 
effects were intensified by a continuous infusion 
of norepinephrine. A similar effect was observed 
in about 20 per cent of patients with ordinary 
duodenal ulcers who secreted gastric juice at a 
high rate. Waddell et al. [32] considered this 
secretory data to be consistent with disturbed 
autonomic control of the splanchnic viscera. 
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The hypothalamus does influence gastric acid 
secretion. In separate extensive investigations 
of the hypothalamus, Gray et al. [58] and 
Porter et al. [59] found that the anterior 
hypothalamus acted over the vagus nerves and 
the posterior hypothalamus through the pitui- 
tary-adrenal axis to stimulate the gastric glands 
to secrete. An analysis of the reported cases of 
ulcerogenic tumors of the pancreas, however, 
shows that vagotomy has failed to control the 
acid factor. Likewise, overactivity of the 
pituitary-adrenal axis seems unlikely in view of 
the level of steroid excretion which, when 
studied, has invariably been low. In general, 
these results cast some doubt on the hypothala- 
mus as the prime source of stimulation for the 
ulcer diathesis in patients with ulcerogenic 
tumors. 

4. In view of the hundreds of patients sub- 
jected to surgery for an ulcer diathesis each 
month, it is disturbing that more ulcerogenic 
tumors are not found. This may be due to the 
low incidence of such tumors, their minute 
dimensions, or their difficult positions, buried 
deep in the gland or in aberrant locations. 
Complete and serial examination of the 
pancreas would be required to rule out, abso- 
lutely, a small ulcerogenic adenoma or diffuse 
adenomatosis. There is no proof that the size 
of the tumor has any influence on the severity of 
peptic ulceration, since very small tumors may 
be responsible. 

The ulcerogenic potential of hypertrophy and 
hyperplasia of the islets was considered in two 
patients we studied, and one patient studied by 
Summerskill [33]. However, hypertrophy and 
hyperplasia of the islets occur in association 
with many different conditions and therefore 
offer little diagnostic significance [61,62]. 

It is unlikely that the surgeon will be con- 
fronted with an ulcerogenic tumor except in 
those unusual cases of severe ulcer diathesis 
which defy control by any of the currently 
accepted procedures. 

5. Many cases of non-beta islet cell tumors of 
the pancreas are associated with an intractable 
diarrhea, sometimes so severe as to be fatal. 
Because of this, diarrhea has been suggested for 
inclusion in the ulcerogenic syndrome. In the 
fatal cases of diarrhea, peptic ulceration has not 
occurred [23,24,38,39]. (Fig. 1.) 

It has not been decided whether the diarrhea 
is due to a hormonal effect on the upper jejunum 
or to irritation from the tremendous amounts of 
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Fic. 1. The gigantic gastric hypersecretion may be asso- 
ciated with either a fulminating ulcer diathesis or more 
uncommonly with a fulminating enteritis. 


hyperosmotic acid juice secreted in thestomach. 
Primary ulceration in the upper jejunum sup- 
ports the latter hypothesis and, in our opinion, 
is almost pathognomonic of an _ ulcerogenic 
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tumor of the pancreas. Benign ulcers in the 
upper jejunum of patients who have undergone 
no previous gastric surgery have presented 
serious problems, and the fatalities in these 
cases have been particularly frequent. Certainly 
the pancreas must be explored thoroughly when 
this lesion is found. 

In the absence of ulceration, the diagnosis 
and treatment of patients whose intractable 
diarrhea has led to hypokalemia and often to 
death have been similarly unsatisfactory. A 
sprue-like picture may develop, with volumi- 
nous, foul-smelling, fatty stools which are due to 
inactivations of lipase and trypsin from a low 
duodenal and jejunal hydrogen ion concentra- 
tion produced by the large volume of acid 
gastric juice [39]. Summerskill [33] reported on 
a patient with steatorrhea whose small bowel 
function reverted to normal after total gastrec- 
tomy. The distal pancreas excised in this pa- 
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Fic. 2. Severe enteritis may be associated with ulcerogenic tumors of the 
pancreas. The hormone stimulus for gigantic gastric hypersecretion may arise 
from (A) carcinoma; (B) diffuse adenomatosis; (C) aberrant tumors in the wall 
of the duodenum; (D) metastatic carcinoma, all of non-beta islet cell type; 
(E) small bowel changes which may be a direct hormone response; (F) primary 
ulceration of the upper jejunum which appears to be pathognomonic of this 
disease. 
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ient showed diffuse hyperplasia of the islet cells, 
ndicating that hormone-bearing tissue almost 
ertainly remained. 

In contrast, Bell [48] recently brought about 
lramatic control of long-standing, intractable 
liarrhea in a patient by removing a large, en- 
apsulated non-beta islet cell tumor of the 
pancreas. (Fig. 2.) 


CLINICAL PICTURE 


The reported cases of peptic ulceration have 
ot altered the original description of the 
ilcerogenic syndrome. The onset of symptoms 
s most common in the fourth and fifth decades 
f life; the age of patients at onset has ranged 
from nineteen to seventy-eight years. Sex dis- 
tribution is about equal. The symptoms are 
related to the high output of acid gastric juice. 
[he tumor proper rarely is the cause for com- 
plaint, and then presents as either a mass lesion 
in the pancreas or as diffuse metastases to the 
liver. 

The most common symptom of acid peptic 
disease is epigastric burning pain often, but 
transiently, relieved by alkali. Symptoms are of 
variable duration. Those of short duration are 
often violent in onset and run a rapid course, 
with severe, boring epigastric pain, often fol- 
lowed by perforation and sometimes by massive 
bleeding. Routine symptomatic treatment is 
futile for these patients. 

When the ulcer symptoms are of long dura- 
tion, they may create diagnostic problems be- 
cause of the atypical location of ulcers in the 
esophagus, lower duodenum and _ proximal 
jejunum. It should be stressed that jejunal 
ulceration, just distal to the ligament of Treitz, 
is practically pathognomonic of this disease. 
Chronic perforation with internal fistulas, low 
duodenal or upper jejunal intestinal obstruc- 
tion, or recurrent bleeding may occur. This type 
of ulceration may suddenly accelerate to the 
fulminant course described previously herein. 

An important feature of this disease entity is 
the all too prompt recurrence of peptic ulcera- 
tion following an adequate or even a radical 
operation for the usual complicated ulcer. Some 
recurrences with free perforation have oc- 
curred during the immediate postoperative 
period. The unbelievably minor effect of com- 
plete vagotomy and antrectomy in controlling 
the high volume of acid gastric juice is a typical 
finding. Furthermore, radiation appears to have 
little effect on even the smallest of gastric 
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remnants in decreasing the outpouring of 
gastric acid. Twelve-hour secretion of gastric 
juice at night usually exceeds 2 L., with a free 
acid content of 100 to 300 mEq. as compared to 
a normal volume of 400 cc. and an acid content 
of 18 mEq. 

There is some evidence that acid production 
is cyclic and subject to wide fluctuation. One 
patient, for example, produced a twelve-hour 
gastric volume of 2,700 cc. with 27 mEq. of free 
hydrochloric acid [5]. Several months after 50 
per cent gastrectomy and vagotomy, the gastric 
volume was 980 cc. within twelve hours, with 
90 mEq. of free hydrochloric acid. In spite of 
this fluctuation in free acid content, the volume 
usually remains abnormally high. In the absence 
of pyloric obstruction, this suggests extragastric 
stimulation from a non-beta islet cell tumor of 
the pancreas. 

Abnormal x-ray films of the upper gastro- 
intestinal tract are related to peptic ulcer lesions 
and their complications, and are non-specific in 
this regard. Significantly, a few patients have 
had giant gastric or small bowel rugae which 
are typical of Menetrier’s disease. Extensive 
chronic ulceration of the proximal jejunum has 
been misinterpreted as regional enteritis due to 
the thickened walls and irregular mucosal 
pattern. The duodenum may appear shaggy 
and non-beta cell adenomas in the wall may 
produce knobby intraluminal deformities on 
x-ray films. Wermer [26] stressed the frequency 
of this change and advised closer inspection of 
the duodenal mucosal pattern in gastrointestinal 
x-ray films of these patients. 

At operation, the stomach and upper part of 
the small bowel are often markedly hyperemic 
and appear diffusely inflamed. When an islet 
cell tumor is suspected, the pancreas should be 
thoroughly examined. The cnterior surface is 
examined by detaching the omentum from the 
colon; a Kocher maneuver is then performed to 
visualize the posterior surface of the head of the 
pancreas. By direct palpation Oberhelman [47] 
has frequently found aberrant islet adenomas 
in the wall of the duodenum. For this reason, 
the surgeon should not hesitate to insert a 
finger into the lumen of the duodenum along 
the juxta-pancreatic wall in an effort to dis- 
cover this nodularity. The islet tissue is some- 
times distributed patchily in multicentric foci. 
It may be found in the submucosa, muscularis 
or subserosa. 

Ulcerogenic tumors are found with equal 
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Fic. 3. Schematic illustration showing possible multicentric sources for power- 
ful stimulation of the remaining gastric glands. Ulcerogenic tumors of the 
pancreas include: (A) carcinoma, (B) diffuse adenomatosis, (C) aberrant growth 
in the wall of the duodenum, (E) metastatic carcinoma: Other possible ulcero- 
genic stimulation may come from tumors of the (D) adrhal cortex, (F) anterior 
pituitary, (G) parathyroids. The manifold origin of stimulation emphasizes the 
wisdom of total gastrectomy rather than total pancreatectomy. 


frequency throughout the pancreas. They vary 
in size from 2 to 3 mm. up to 8 to 10 cm. and 
have a homogenous appearance without the fine 
lobulation characteristic of normal pancreatic 
tissue. Some are cysts with clear fluid, but 
usually the tumors are solid and encapsulated. 
The color varies from slate grey to reddish 
brown. Over half the tumors are malignant and 
metastases have been demonstrated in 54 per 
cent. In 10 per cent of the ulcerogenic tumors, 


there has been a diffuse adenomatosis of the islet ’ 


tissue. This is particularly important since the 
pancreas is grossly normal and a diagnosis can 
be established only by microscopic examination. 

If a search of the pancreas and duodenum 
produces nothing, distal pancreatectomy is 
indicated in an effort to uncover small tumors 
and diffuse islet adenomatoses. Generous sub- 
total gastrectomy and vagotomy should be 
performed in the absence of a definite diagnosis. 
If subsequent pathologic examination of the 
excised pancreatic tissue discloses a non-beta 
cell tumor, then total gastrectomy rather than 
total pancreatectomy will be indicated when 
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symptoms recur. The smallest remnant of gas- 
tric tissue in the presence of a secreting 
ulcerogenic tumor can threaten the patient’s 
life through further peptic ulceration and its 
complications. This has been demonstrated 
repeatedly and is one of the remarkable aspects 
of the disease. Because of the frequency of mi- 
nute metastases, aberrant tumors of poly- 
glandular involvement, total gastrectomy is the 
only measure sure to control the acid peptic 
factor. Total pancreatectomy does not insure 
protection against recurrent ulceration and 
presents a daily problem in specific replacement 
therapy. (Fig. 3.) 

Total gastrectomy has been performed on ten 
patients; in general, it has been well tolerated. 
Two of the ten died. The cause of death for 
one is unknown. The second patient, who had 
previously had total pancreatectomy, required 
total gastrectomy because of persistent ulcera- 
tion and died one year later after exploration 
for obstruction of the bowel [36]. 

The latter patient could not maintain her 
health and vigor after total gastrectomy and 
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oancreatectomy. There was marked loss of fat 
ind protein in the stool and fatty infiltration in 
‘he liver. The insulin requirement was so exact 
hat I or 2 extra units tended to precipitate 
nsulin shock. The end result was metabolic 
nvalidism. Experiences with this patient con- 
vinced us that removing the acid-producing 
issue by total gastrectomy is the safest pro- 
cedure for these problem cases. 

The success of surgeons in restoring patients 
o moderately good health, after total gastrec- 
comy in the presence of non-resectable tumor 
tissue, argues strongly for this procedure. 
Nutrition can be maintained with minimal 
difficulty. Medication is limited to periodic 
injections of vitamin By, for megaloblastic 
anemia which occurs in the absence of intrinsic 
factor. In contrast, daily specific therapy is 
required following complete pancreatectomy. 
( Fig. 4.) 

One of the first two patients reported was a 
nineteen year old woman who initially under- 
went resection of 85 per cent of the stomach for 
recurrent ulcers and a non-beta islet cell car- 
cinoma of the pancreas, with peripancreatic 
lymph node infiltration. Eventually total 
gastrectomy was necessary because of a recur- 
rent esophageal ulcer and a large ulcer at the 
gastroduodenal anastomosis. At the time of this 
writing, five years after total gastrectomy, she 
is recently married, in good health and has main- 
tained her ideal weight. She has no dietary re- 
strictions and her only medication is a monthly 
injection of vitamin By. There has been no 
evidence of local tumor growth or metastasis. 

Nibbling procedures on the stomach 
prompted by a series of perforations and mas- 
sive hemorrhages have been disastrous, with 
death occurring before the acid-bearing tissue 
could be ablated. 

In resecting tumor nodules and areas of 
metastases, the surgeon should adhere to the 
accepted principles of tumor surgery and re- 
move them when this is feasible. In one patient, 
MacKenzie performed extensive gastric resec- 
tion and excised a pancreatic islet cell carci- 
noma. Gastric hypersecretion persisted but was 
arrested after resection of two isolated areas of 
metastases to the liver [27]. 

As yet, the suspected ulcerogenic hormone 
has not been isolated. In an attempt to do so, 
Osborne [63] injected saline extracts of tumor 
tissue into a dog with a Heidenhain-prepared 
gastric pouch. The hydrogen ion concentration 
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REPLACEMENT MONTHLY DAILY 
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INSULIN, 
VITAMINS, ETC.) 


Fic. 4. Total gastrectomy is the only complete insurance 
against recurrent ulceration. Specific replacement ther- 
apy is minimal in comparison to total pancreatectomy. 


dropped promptly from 8.2 to 1.7. The gastric 
stimulant was not histamine since the tumor 
assayed negligible amounts. 

There is also considerable evidence that 
glucagon, as initially postulated, is not the 
stimulant. Glucagon is a hyperglycemic-glyco- 
genolytic factor secreted by the alpha cells of 
the pancreatic islets. Poth and Fromm [64] 
found ulcer formation in 50 per cent of dogs 
given a continuous infusion of insulin contain- 
ing glucagon. When the insulin free of glucagon 
was administered, there was no decrease in the 
number of ulcers formed. Robinson et al. [65] 
infused dogs with high concentrations of 
glucagon continuously for many weeks. The 
glucagon caused a decrease in gastric secretory 
volume, acidity and motility, and blood 
pepsinogen. Dreiling and Janowitz [66] obtained 
similar results in man. 

Serotonin has been suggested as the ulcero- 
genic factor since many of the tumors have 
cellular characteristics resembling carcinoid 
tumors. Thistlewaite et al. [28] had one tumor 
analyzed for serotonin and none was present. 
In another attempt to isolate the hormone, 
Oberhelman and his associates [30] injected an 
alcoholic extract of tumor tissue which had no 
effect on the gastric pouch of a dog. 

The cell type of these tumors has not been 
definitely identified. It should be stressed, how- 
ever, that they are not beta cells and, in most 
instances, the tumors contain few alpha cells. 

Many pathologists believe they have found 
another cell type, the delta cell, which Bloom 
described in 1931 [67]. The Mallory-Heidenhain 
azan dye, which he used on very fresh tissue, 
stained the cell a light blue with dark blue 
granules. Most investigators have reported the 
cellular characteristics of ulcerogenic tumors 
when they are stained with the Masson or 
Gomori trichrome dye, after the tissue has been 


fixed in Bouin’s solution. Under these condi- 
tions, the cytoplasm of the delta cell appears 
lightly basophilic to green and is either clear or 
has fine eosinophilic stippling. The nucleus is 
purple. The alpha cells are stained red; the beta 
cells, dark blue. These stains are usually not 
reliable, since the tissue must be fixed early for 
good results. 

The typical adenoma has been composed of 
cells similar to the delta type when they are 
stained by the trichrome technic. The cells have 
been cuboidal or polygonal, arranged in sheets 
and separated by broad strands of stroma. 
About equal numbers have clear cytoplasm or 
fine eosinophilic stippling in the cytoplasm. A 
few tumors have been almost wholly comprised 
of alpha cells. 

The determination of malignancy is difficult 
since bizarre cell types and mitotic figures are 
not significant. The diagnosis rests on the 
demonstration of metastases to the liver, 
peripancreatic lymph nodes or active invasion 
of contiguous structures. 

About 10 per cent of patients will have 
diffuse adenomatosis of the islet cells involving 
the entire pancreas. Microscopically, the cells 
are arranged in long- or short-chained “ribbons” 
oriented along either side of capillaries. This 
striking pattern is usually seen with the syn- 
drome of adenomatosis of the endocrine glands 
or with multiple pancreatic adenomas [68,69]. 

Although there is confusion in the micro- 
scopic characteristics of these tumors, we have 
not rejected a possible relationship between 
these tumors and a fulminating ulcer diathesis 
or the existence of an ulcerogenic hormone. 
This hormone appears to act directly on the 
gastric glands, since vagotomy, antrectomy and 
radiation therapy do not diminish its stimulating 
action appreciably. The present study suggests 
that the hormones of pregnancy offer no protec- 
tion against the ulcerogenic hormone. Virulent 
ulcer complications developed in two patients 
immediately after delivery and the patients 
subsequently died. Such a stimulus or inhibitor, 
whichever the case, appears so potent that its 
identification must not go unchallenged [44,45]. 


SUMMARY 


Patients exhibiting a severe peptic ulcer 
diathesis or intractable watery diarrhea, with a 
high output of acid gastric juice, should be 
suspected of harboring a non-beta islet cell 
tumor of the pancreas. Primary jejunal ulcera- 


Zollinger and Craig 


tion and failure of otherwise adequate gastric 
operations to control the acid gastric factor are 
seen with such frequency as to be practically 
pathognomonic. Careful search along the 
pancreatic wall of the duodenum for aberrant 
nodules during operations for ulcer has been 
productive, according to recent reports. 

The rarity of the ulcerogenic tumor in every- 
day experience should not deceive the clinician 
into a false sense of security when treating the 
“failures” following his favorite operation. 
Total gastrectomy, rather than total pan- 
createctomy, remains the treatment of choice, 
along with resection of the tumor and its 
metastases when possible. 

Functioning tumors of other endocrine glands 
will be found in about 20 per cent of patients 
with ulcerogenic tumors, and these should be 
sought out and removed when this is indicated. 

The preservation of ulcerogenic tumors of the 
pancreas by deep freezing under sterile condi- 
tions is encouraged. Special studies of such 
material may eventually elucidate the etiology 
of the baffling problem of peptic ulcer. 
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clinical pictures produced by certain 
types of hyperadrenocorticism have fasci- 
nated both physicians and laymen since the days 
of antiquity [29]. Pliny [28] is said to have de- 
scribed the unusual growth and maturity of a 
male child at the age of three, and other cases 
were known in the centuries that followed. 
However, the first case recorded with autopsy 
findings was reported by Tilesius in 1803 [317]. 
The patient was a four year old girl who was 
markedly obese and had precocious develop- 
ment of the breasts associated with marked 
hirsutism of the body and extremities. At 
necropsy, a tumor of the left adrenal gland was 
found which had metastasized extensively to 
the liver. Some years later Cooke [6] reported 
another case in a four year old girl; she died at 
the age of seven. During the three-year period 
that she was under observation, there occurred 
marked enlargement of the external genitalia, 
the clitoris being nearly 1 inch in length. Ex- 
tensive hirsutism of the genitalia and face 
developed, her voice became low pitched and the 
contours of her body approximated those which 
usually develop at puberty. She became quite 
obese before death. At autospy a large tumor, 
probably of the left adrenal gland, was 
described. 

These and other reports established early the 
capacity of some adrenocortical tumors to 
produce the now familiar clinical pictures of 
endocrine dysfunction. The most striking of 
these are Cushing’s syndrome, the adrenogenital 
syndrome in children and the adult female, and 
the feminizing syndrome in the male. Hyper- 
aldosteronism may produce certain striking 
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physiologic alterations but the outward physical 
characteristics are seldom arresting. 


HYPERADRENOCORTICISM: CURRENT CONCEPTS 


Chemical Determinants of Physical Changes. 
Out of the confusion of past years there has 
gradually emerged a reasonably consistent group 
of syndromes into which most of the well 
developed instances of hyperadrenocorticism 
may be classified. Considerably simplified, 
oversecretion of the hydrocortisone-like steroids 
produces Cushing’s syndrome, excessive secre- 
tion of aldosterone results in primary hyper- 
aldosteronism, excessive secretion of androgenic 
steroids produces the adrenogenital syndrome, 
and excessive secretion of adrenal estrogens can 
result in feminization in the adult male. 

Thus, the chemical nature of the hormone 
being overproduced determines the clinical 
picture. The clarification which has come about 
over the past decade has been due in no small 
measure to the general availability of steroid 
hormones in therapeutic quantities and their 
widespread clinical use. For example, vitually 
all the complex features of Cushing’s syndrome 
can and have been produced by the long term 
administration of cortisone or hydrocortisone 
in large amounts. Most of the findings char- 
acteristic of the adrenogenital syndrome may be 
produced in females by the administration of 
androgenic substances such as testosterone. 
Feminization in men, as reflected in gyneco- 
mastia, commonly follows estrogen therapy for 
metastatic prostatic carcinoma. 

Influence of Age and Sex of the Patient. The 
clinical findings in a given patient are also 
influenced by age and sex. For instance, an 
excess of androgens would produce precocious 
puberty in the young boy, masculinization in 
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Fic. 1. The zones of the adrenal cortex and their probable functions. 


the young girl and adult female, but no re- 
markable change in the adult male. Conversely, 
the excessive secretion of adrenal estrogens 
might escape detection in an adult female, but 
it might produce marked gynecomastia in an 
adult male. 

The Pituitary-Adrenocortical Axis. Cush- 
ing’s syndrome, the adrenogenital syndrome 
and hyperaldosteronism may each be produced 
by either adrenocortical hyperplasia or tumor. 
Adrenal feminization is virtually always pro- 
duced by a tumor. In general it is believed that 
hyperplasia is caused by an increased elabora- 
tion of ACTH by the anterior pituitary gland 
or, alternately, by an' increased sensitivity of 
the adrenal cortex to a normal level of ACTH 
secretion. An increased rate of ACTH secretion 
has actually been demonstrated in some pa- 
tients with adrenocortical hyperplasia pro- 
ducing the adrenogenital syndrome. 

The prolonged administration of ACTH in 
the experimental animal may result in nodular- 
ity or even true adenomas of the adrenal cortex. 
Thus it is possible that some functioning 
cortical adenomas were originally conditioned 
neoplasms dependent upon ACTH that later 
became autonomous and no longer dependent 
upon the ACTH stimulus. Nevertheless, it is 
believed that most tumors of the adrenal cortex 
were autonomous lesions from the beginning. 
The rate of secretion of functioning adreno- 
cortical tumors is usually not influenced by 


ACTH, but one of us (J. D. H.) reported on a 
patient with right adrenocortical carcinoma, 
the secretory rate of which was markedly 
influenced by ACTH administration [76]. 

Types of Adrenocortical Tumors. Adreno- 
cortical tumors may be either functioning or 
non-functioning. The histologic picture, as well 
as the hormone produced by the functioning 
neoplasm, depends upon the zone from which 
the tumor primarily arises. (Fig. 1.) For 
example, it is suspected that the outer layer or 
zona glomerulosa produces aldosterone, the 
middle layer or zona fasciculata produces 
hydrocortisone-like steroids, and the inner 
layer or zona reticularis produces androgens 
and estrogens: However, it is often difficult for 
the pathologist to correlate rates and types of 
secretory activity with the histologic appear- 
ance. It is now realized that glands which are 
grossly and histologically normal can produce 
excessive amounts of hormone. 

Finally, adrenocortical tumors may be 
benign or malignant, but functioning neo- 
plasms are most often malignant. The patholo- 
gist may not be able to give a definite diagnosis 
of malignancy from the microscopic appearance 
of the given tumor, and often only the sub- 
sequent clinical course can determine this issue. 

With these preliminary remarks to provide 
orientation, the remainder of this report will be 
devoted entirely to functioning tumors [13-15, 
21]. 


ADENOMA OF ADENOMA OF 
ZONA FASCICULATA ZONA RETICULARIS 
CUSHING’S SYNDROME y ADRENOGENITAL SYNOROME 
i FEMINIZING SYNDROME 
ADENOMA OF 
ZONA GLOMERULOSA 
PRIMARY ALDOSTERONISM 
| 
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Further Comment on Clinical Syndromes 
Produced by Functioning 
Adrenocortical Tumors 


The principal syndromes that may result 
‘om hypersecretion of various adrenocortical 
ormones are presented in Figure 2. In addition 
) rather clear-cut instances of Cushing’s 
yndrome and the adrenogenital syndrome, 
yme patients may exhibit elements of both 
ictures, the so-called “‘mixed” syndromes. 
urthermore, a patient with well substantiated 
hemical features of Cushing’s syndrome also 
vay exhibit an increased urinary excretion of 
ldosterone, although this is probably rare. 

The Incomplete or Partial Syndrome. A 
principal cause of late diagnosis of functioning 
idrenocortical tumors is the fact that for 
months or years only one or perhaps two 
‘linical features of the given syndrome may be 
prominent. This is especially true of Cushing’s 
syndrome; indeed, it is usual for such a patient 
to have the disease a long while before physical 
changes have rendered her a “grotesque carica- 
ture of her former self.’’ The patient with an 
excess of hydrocortisone may either be ad- 
mitted to a psychiatric institution because of 
depression, treated with vitamin pills for 
marked weakness or treated for (steroid) 
“diabetes.” 


CUSHING’S SYNDROME 


Pathophysiology. The metabolic changes 
which collectively result in the various manifes- 
tations of Cushing’s syndrome [8] are caused by 
an excessive secretion of glucocorticoids [1], of 
which hydrocortisone is the most prominent 
endogenous representative. There may be 
mixed findings if an excessive secretion of 
androgens also prevails. Pathophysiologic alter- 
ations include derangements in protein, carbo- 
hydrate, fat and electrolyte metabolism. The 
body composition, including fat content and 
distribution, lean tissue mass and bone con- 
stituents, is profoundly affected. This is one of 
the few clinical circumstances under which the 
patient gains weight because of a deposition of 
fat while becoming weak because of loss of lean 
tissue mass with its nitrogen and potassium 
content. Hematopoiesis, sexual function and 
many other aspects of body physiology are 
altered. 


Diagnosis. Symptoms and physical changes: 


Patients with Cushing’s syndrome often have 
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ADRENAL CORTEX 


CORTICOSTEROIDS ANDROGENS ESTROGENS 
¥ 
Cushing's Primary Adrenogenital Feminizing 
Syndrome Aldosteronism Syndrome Syndrome 


Fic. 2. Syndromes produced by functioning tumors of 
the adrenal cortex. 


non-specific and multiple complaints, none of 
which may appear to suggest a definite organic 
lesion. In fact, the psychologic manifestations 
of glucocorticoid hyperadrenocorticism repre- 
sent a prominent feature of Cushing’s syndrome, 
and the associated depression frequently results 
in admission to a mental institution. Therefore, 
whereas almost all physicians would recognize 
a full-blown condition in the weak fat person 
who does not have the other more conspicuous 
signs and symptoms, it may long go undiag- 
nosed, often until complete rehabilitation is 
impossible. Relatively few patients present 
genuinely striking physical changes until the 
more subtle metabolic derangements have 
existed for many months or years and the 
pathologic processes are far advanced. 

The complaints of forty-six patients with 
Cushing’s syndrome are shown in Table 1. 
Fatigue or weakness was either the presenting 
complaint or an additional symptom in thirty- 


TABLE 1* 
COMPLAINTS OF FORTY-SIX PATIENTS WITH 
CUSHING’S SYNDROME 


Pre- As 

sent- | Addi- 
Symptom ing tional | Total 

Com- | Symp- 


plaint| tom 


Fatigue and weakness................- 6 

Weight gain and obesity............... 6 28 34 
2 
3 


Changed appearance.................. 


Amenorrhea or irregularity............ 26 29 
Nervousness, depression and irritability. 4 11 15 
Pain in the back and bones............ 5 9 14 
Edema of ankles and hands............ I 8 9 
Libido (females), impotence (males) " 8 8 
I 2 3 
Poor wound healing and leg ulcers..... . I 2 3 
Cessation of growth................... 1 I 
Difficulty in walking.................. I I 
General aching and malaise............ 1 I 


* From: Cope, O. and Raker, J. W. Cushing’s disease; the 
surgical experience in the care of forty-six cases. New England J. 
Med., 253: 119, 1955. 


TABLE I 
CLINICAL FINDINGS IN A PATIENT WITH 
CUSHING’S SYNDROME (CASE 1!) 


Fatigue and weakness* 
Obesity (truncal) 

Rounding of face 

Bruising, easy bleeding 
Nervousness and depression 
Low back pain 

Coarse hair 

Headaches (occipital) 

Edema of ankles 

Impotence 

Left foot drop and paresthesias 
Voice weakness 

General malaise 

Anorexia and nausea 

Purple striae 

Hypertension 

Moving mass in abdomen 
Hematuria and pyuria* (ureteral stones) 
Repeated skin infections 
Increased saliva 


* Presenting symptoms. 


five of the forty-six cases. Weight gain and 
obesity were present in thirty-four. These find- 
ings, typical of the “‘weak fat man,”’ have also 
been most prominent in our own experience. 
A change in the patient’s appearance is best 
identified by requesting a photograph made 
several years previously. The other findings 
shown in Table 1 may be compared with those 
in Table 1, the latter representing findings in a 
personal case reported herein. Pain in the back 
and bones may lead to roentgenographic 
studies which disclose osteoporosis, a finding 
which unless otherwise explained should always 
suggest Cushing’s syndrome. Hirsutism, buffalo- 
type obesity, voice changes and the skin stig- 
mata of ecchymosis and purplish striae are 
found in many cases. 

Blood count, plasma electrolyte values and 
urinalysis: In emphasizing the value of simple 
laboratory procedures in the diagnosis of Cush- 
ing’s syndrome, Maher, Herndon and Kyle [26] 
reported that polymorphonuclear leukocytosis 
and eosinopenia of significant degree were 
observed in 50 per cent of twenty patients, and 
a striking increase in the hematocrit value was 
seen in 25 per cent of the patients. One or more 
of these hematologic abnormalities was present 
in 70 per cent of the patients. Polycythemia, 
which occurs in many patients, has long been 
accepted as one of the features of Cushing’s 
syndrome. 
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The plasma electrolytes may or may not be 
significantly altered. When these findings are 
abnormal, it is usually in the direction of a 
reduced serum potassium level, a moderately 
decreased chloride level and metabolic alkalosis. 
Cope and Raker [7] found an elevated serum 
carbon dioxide content (greater than 28 mEq./ 
L.) in thirty-seven of forty-three patients in 
whom the determination was made. A lowered 
serum potassium level was less commonly en- 
countered, being less than 3.5 mEq./L. in 
thirty of forty-one patients in whom it was 
measured. The serum levels of sodium, chloride, 
calcium, phosphorus and phosphatase were 
within normal limits. There may be a tendency 
for the fasting blood sugar level to be elevated, 
but it is more common for a diabetic type of 
glucose tolerance curve to be demonstrated. 
Twenty-nine of thirty-five patients so examined 
by Cope and Raker exhibited this curve. Ten 
of seventeen tested were insensitive to the 
administration of insulin. 

Urinalysis frequently discloses glycosuria, 
and by means of balance studies a negative 
calcium balance may be demonstrated, which 
is the chief reason for the marked osteoporosis 
certain patients exhibit (see Case 1). These 
patients unquestionably have a negative nitro- 
gen and potassium balance, but the onset of the 
clinical picture is so insidious and slow that it 
has been difficult to demonstrate this definitely 
[7]. The sodium metabolism has been found to 
be remarkably normal. There is some evidence 
that the negative nitrogen balance results in 
part from the effect of the hormones in specifi- 
cally depleting the lean tissue of its major 
intracellular cation, potassium. 

Roentgenographic changes: When the possibil- 
ity of Cushing’s syndrome due to tumor or 
hyperplasia is suspected, certain roentgeno- 
graphic studies are frequently helpful. They 
are: (1) Soft tissue studies of the area of the 
adrenal glands in an effort to demonstrate an 
adrenal tumor; this is frequently possible if the 
tumor is situated on the left side, the right 
adrenal area being shielded by the overlying 
liver. (2) The pituitary fossa should be exam- 
ined for enlargement of the sella turcica that 
may be caused by a pituitary tumor. (3) An 
intravenous pyelogram or retrograde pyelo- 
gram may disclose displacement of the kidney 
downward by an adrenal tumor. (4) Examina- 
tion of the spine and long bones may disclose 
osteoporosis. Pain in the bones due to compres- 
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ion fractures of the spine and other results of 
lemineralization are not uncommon in Cush- 
ng’s syndrome. (5) In some clinics the perirenal 
retroperitoneal injection of various gases, 
such as oxygen or carbon dioxide, has been used 
to outline the adrenal area. We have not found 
t necessary to use this technic, and it does in- 
olve some hazard. The aortogram has also 
been used to outline the vasculature and thus 
the contour of the adrenal gland, and adrenal 
umors have been demonstrated. However, 
certainly in the case of pheochromocytomas, in 
which sudden deaths have been precipitated, 
the use of the aortogram would not appear to 
be as safe a measure as a routine diagnostic 
procedure. 

Steroid analyses in plasma and urine: Al- 
though the symptoms, physical examination 
and routine laboratory findings may suggest 
the possibility of Cushing’s syndrome, and of 
course it is the clinical findings which prompt 
further investigation in virtually all cases, the 
steroid values in the plasma and urine definitely 
establish the existence of hyperadrenocorticism. 
Thus we have come to believe that, essentially, 
if the plasma and urinary steroid analyses show 
an increased secretion of the glucocorticoids, 
the patient has Cushing’s syndrome. If no 
evidence of increased glucocorticoid secretion 
can be demonstrated, we do not make this 
diagnosis. In other words, the basic require- 
ment for a diagnosis of hyperadrenocorticism 
is to demonstrate chemically an actual over- 
production of the adrenocortical hormones. 

In Cushing’s syndrome the plasma level of 
both free and conjugated corticosteroids may 
be elevated. On the other hand, these levels 
may be normal without exogenous ACTH 
stimulation, but a rise of significant proportions 
may follow the infusion of this hormone. 
Specifically, a control sample of plasma is taken 
and 40 units of ACTH in 500 cc. of isotonic 
saline solution is given intravenously over a 
four-hour period. At the end of this time a sec- 
ond plasma sample is taken. In normal subjects 
the level of the free and conjugated derivatives 
will not have exceeded a certain figure; in our 
laboratory, where we use a modification of the 
method of Nelson and Samuels [27], most nor- 
mal subjects have a total plasma level of 
approximately 15 ug. per cent before the in- 
fusion of ACTH and a level of less than 40 to 
50 ug. per cent following infusion. In the pa- 
tient with Cushing’s syndrome, however, who 
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has increased adrenocortical reactivity, this 
level frequently approaches 100 ug. per cent. 
Of course, the patient with an adrenal cortical 
tumor may not exhibit stimulation of the 
tumor by the ACTH; however, the resting 
plasma level will still be elevated in many of 
these patients, since functioning tumors fre- 
quently produce a higher steroid output than 
do hyperplastic glands. Very high levels are 
even more characteristic of malignant tumors 
than of benign lesions. Each laboratory per- 
forming steroid analyses usually has established 
its own set of values for the particular method 
it employs. 

Urinary steroid analyses are also extremely 
helpful in the diagnosis of increased adreno- 
cortical activity. In Cushing’s syndrome the 
corticoid excretion is commonly elevated above 
the level established for normal persons. This 
applies particularly to the excretion of gluco- 
corticoids, which predominate in the produc- 
tion of Cushing’s syndrome. However, in most 
instances of functioning adrenocortical tumors 
causing Cushing’s syndrome, there is an in- 
crease also in the production of androgens which 
are excreted in the urine as 17-ketosteroids. It 
should be pointed out here, however, that the 
degradation products of corticoids may give rise 
to some increment in the measured level of 
excretion of 17-ketosteroids, as may be demon- 
strated by giving hydrocortisone or cortisone to 
normal subjects. 

In summary, the history and physical 
changes lead to laboratory studies. Cushing’s 
syndrome should be considered in any patient 
with hypertension, diabetes, osteoporosis, or 
skin ecchymoses and striae. The diagnosis is 
confirmed with appropriate steroid analyses. 

Management. Having established the pres- 
ence of hyperadrenocorticism, one will not 
know in many cases precisely whether the in- 
creased function is derived from bilateral or 
unilateral hyperplasia or from a functioning 
tumor. Nevertheless, in contradistinction to the 
adrenogenital syndrome, for which there are 
available suppressive medical measures for the 
management of excessive activity due to 
hyperplasia, there exists at present no genuinely 
satisfactory medical treatment for Cushing’s 
syndrome, and thus operative intervention is 
indicated whether the increased activity is due 
to hyperplasia or to a functioning adrenocortical 
tumor. When a relatively large tumor exists it 
may be possible to demonstrate its presence pre- 
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operatively, particularly if it is located on the 
left side. If not, one simply explores the abdo- 
men with the purpose of determining the 
presence or absence of tumor. Of course, the 
tumor may be quite small, and it may be asso- 
ciated with elements of hyperplasia as well. 

Preoperative preparation: We now approach 
an operation upon a patient with Cushing’s 
syndrome with much less trepidation than was 
the case ten years ago, or before the ready 
availability of adequate replacement therapy in 
the form of cortisone and related compounds. 
Formerly adrenocortical crisis was not only a 
possibility but also even a probability following 
excision of a functioning tumor, since the 
adrenal opposite a functioning tumor producing 
Cushing’s syndrome is markedly atrophied in 
about three-fourths of the cases. In recent years, 
however, adequate replacement therapy has 
largely abolished this hazard. With functioning 
tumors producing the adrenogenital syndrome, 
the incidence of atrophy of the opposite adrenal 
is only about 30 per cent [78]. The opposite 
adrenal may even be absent in the very rare 
case [25]. 

The patient with advanced Cushing’s syn- 
drome frequently is in a state of marked 
nutritional nitrogen and potassium depletion, 
and infections are prone to develop. Thus we 
attempt to increase the potassium intake for 
several days preoperatively, and we routinely 
use antibiotics to diminish the possibility of an 
infection during the immediate postoperative 
period. We do not use ACTH preoperatively, 
for the disease itself is due to an overabundance 
of adrenocortical hormones. Hydrocortisone, 
too, is reserved for the periods during and after 
operation. Except for administering increased 
amounts of potassium by mouth, no special 
measures are taken to correct the metabolic 
alkalosis which may exist, since this is corrected 
remarkably soon following excision of the 
hyperfunctioning adrenocortical tissue. 

Operative exposure: The most commonly used 
approaches for the excision of adrenocortical 
tumors are (1) the flank or loin incision, often 
with the excision of the twelfth rib; (2) the 
transverse upper abdominal incisional approach; 
and (3) the thoracoabdominal approach. If one 
can lateralize the tumor preoperatively, the 
thoracoabdominal approach affords excellent 
exposure of the adrenal area. The incision in the 
diaphragm need be only 2 or 3 inches in length, 
and this approach brings one down directly on 
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the tumor. On the left the spleen is retracted 
upward, and on the right the liver is retracted 
medially and cephalad. 

When the site of the tumor cannot be 
determined preoperatively, we prefer to make a 
short transverse incision in the epigastrium and 
to palpate each side. The incision is then 
extended laterally as required. Should this ab- 
dominal exposure prove inadequate to permit 
removal of the tumor without the risk of tearing 
the true or pseudocapsule, with resulting 
spillage of tumor cells into the peritoneal 
cavity, the incision can be carried between the 
two most convenient ribs, converting it into a 
thoracoabdominal approach. However, it is not 
always necessary to enter the pleural cavity, 
since by entering the interspace and dividing 
the diaphragm for only 2 or 3 inches the 
exposure may be improved sufficiently to 
permit adequate dissection. 

The loin incision is also suitable for the 
excision of adrenocortical tumors. In brief, we 
employ the abdominal incision when it has not 
been possible to lateralize the tumor pre- 
operatively, and we employ the thoracoab- 
dominal incision when the location of the 
tumor has been determined. 

A drip containing 100 mg. of hydrocortisone 
in 500 cc. of isotonic saline solution is begun at 
the start of the operation. 

Postoperative care: In most patients the 
administration of 100 mg. of hydrocortisone 
intravenously in a slow drip over each six-hour 
period of the twenty-four hours is adequate to 
prevent the development of signs of adreno- 
cortical insufficiency. The dosage may be re- 
duced to a total of 300 mg. during the second 
postoperative’ twenty-four-hour period, to 
200 mg. during the third, and _ thereafter 
gradually tapered off. The patient is maintained 
on intravenous fluids containing sodium chlo- 
ride solution, and we frequently administer 
some potassium intravenously and later orally 
while the patient is being maintained on large 
doses of hydrocortisone, since the latter in- 
creases the excretion of potassium. The objec- 
tive is to overtreat, rather than to risk under- 
treating, with steroid replacement therapy 
during the first several days postoperatively. 

Acute adrenocortical insufficiency is reflected 
in an increased pulse rate, a fall in blood pres- 
sure, a substantial rise in body temperature, and 
often by apprehension and disorientation and, 
later, coma. Should any of these findings ap- 


pear, the dosage of replacement therapy should 
be re-evaluated and perhaps increased. Of 
course, most such changes in the vital signs 
could be due to an inadequate circulating blood 
volume and blood transfusion may be required. 
In most patients hydrocortisone will afford 
sufficient water and salt effects to maintain 
adequate electrolyte balance in the early post- 
operative period, but in the occasional subject 
the addition of 5 mg. of desoxycorticosterone is 
required. 

Subacute adrenocortical insufficiency comes 
on less dramatically and later than acute in- 
sufficiency. Acute adrenocortical insufficiency 
will usually develop during the first forty-eight 
to seventy-two hours postoperatively if it is 
going to occur. Here there is not time for the 
serum chemistry values to change materially, 
and steroid determinations are too time- 
consuming to be of practical assistance in the 
diagnosis of acute failure. Here one must make 
the diagnosis solely on clinical findings. Sub- 
acute adrenocortical insufficiency, in contrast, 
occurs more gradually and, therefore, time is 
allowed for alterations in the plasma electrolytes 
and the non-protein nitrogen to occur. Specifi- 
cally, several days postoperatively, usually 
when the dosage of replacement therapy has 
been markedly reduced, the patient may be- 
come drowsy and unable to remember what has 
just been said. A bleod specimen drawn at this 
time may reveal a decline in the plasma sodium 
level and an elevation in the blood urea nitrogen 
or non-protein nitrogen level. These blood 
chemistry findings are often markedly exag- 
gerated and associated with other findings 
which are, of course, encountered in chronic 
adrenocortical insufficiency or Addison’s dis- 
ease. When this occurs, the dosage of replace- 
ment therapy is again increased, and adminis- 
tration of ACTH is started to stimulate the 
remaining adrenal to more adequate function. 
It has been pointed out by Maher and his 
associates [26] that the mechanism of adreno- 
cortical atrophy on the side opposite a function- 
ing tumor is not dissimilar to the mechanism 
encountered in the long term treatment of pa- 
tients with diseases such as arthritis with the 
glucocorticoids. Many months and even a year 
may be required before the remaining atrophied 
adrenal gland returns to satisfactory activity. 

ACTH therapy is not routinely required to 
permit the withdrawal of replacement therapy 
postoperatively. If it can be avoided, one is 
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much more certain that the endogenous ACTH 
from the patient’s own pituitary will be 
sufficient to carry on satisfactory adrenocortical 
activity after the patient is home. As long as one 
is replacing the endogenous requirements for 
ACTH with injected exogenous ACTH, he can- 
not be certain that the functional activity of the 
patient’s own anterior pituitary gland will be 
adequate after he is discharged from the close 
observation possible in the hospital. 

Long term follow up and prognosis: It is 
extremely important that all patients with 
adrenocortical resection be followed up care- 
fully. First, the level of replacement therapy, 
insofar as maintainance dosage is concerned, 
will have to be regulated with the individual 
case. Many patients may be discharged without 
continuing replacement therapy. If possible, it 
is far better to take the patient off replacement 
therapy while he is still under close observation 
than after he has returned home. Second, the 
patient must be followed up for signs of 
physiologic and/or neoplastic recurrence. Since, 
unfortunately, the majority of functioning 
adrenocortical tumors are malignant, the 
prognosis is usually poor. Prior to the develop- 
ment of metastases which can be detected on 
physical examination or roentgenographic stud- 
ies such as an x-ray film of the chest, the excre- 
tion of steroids in the urine may have again 
increased from the low normal level which was 
achieved immediately postoperatively, reflect- 
ing the presence of a functioning local recur- 
rence or distant metastases. This renewed 
hypersecretion of steroids in the urine may 
precede the recurrence of the physical features 
of Cushing’s syndrome. Thus, the patient who 
has had a functioning tumor removed should 
have urinary steroid measurements taken at 
least every six months for several years. 

Should it be found that the tumor has already 
metastasized to the liver or to other areas not 
resectable at surgery, the feasibility of deep 
roentgen therapy may be considered. Obviously 
one cannot successfully treat extensive metas- 
tases to the liver. Actually, the effect of 
radiation or roentgen therapy in the manage- 
ment of functioning adrenocortical tumors has 
not been conspicuously successful. 

We have not used deep roentgen therapy 
often when distant metastases have developed 
following resection of an adrenocortical carci- 
noma. Patients with such metastases rarely 
live more than a year. Thus far no genuinely 


Fic. 3. Case 1. Cushing’s syndrome due to hugh func- 
tioning right adrenocortical carcinoma with hepatic 
metastases. (From: Hardy, J. D. Pathophysiology in 
Surgery. Baltimore, 1958. Williams & Wilkins Co.) 


effective chemotherapeutic agents have been 
developed for the management of metastatic 
adrenocortical carcinoma. 

In contrast to the prognosis following resec- 
tion of an adrenocortical carcinoma, the resec- 
tion of a benign adrenocortical adenoma is 
usually accompanied by permanent cure. While 
the diagnosis of benignancy can be indicated by 
the histologic appearance, only the subsequent 
clinical course can establish the absence of 
malignancy beyond doubt. 


Case1. J. W. H., a fifty-eight year old white 
man, had Jong been obese but considered himself 
otherwise in usual health until January 1955, when 
he discovered a lump (thyroid) in the neck. The 
next finding of interest developed in August 1955, 
when he noted the appearance of numerous 
ecchymotic areas, especially over the arms. Some of 
these were tender, and they ruptured and bled on 
slight trauma. At this time his physician told him 
that the “platelets were low.” In September he 
experienced the first of a series of attacks of severe 
lumbar pain, both on the right and left sides, asso- 
ciated with frank hematuria. Studies by his 
physician indicated the presence of polycystic 
kidneys. 

He gradually grew weaker. From late October 
until February 1956, he was up and around, but 
had worked irregularly because of weakness. Dur- 
ing February he noted further hematuria, weak- 
ening of his voice and mental depression. The 
mental changes were noticed by his family. He had 
never been one to complain, but now found himself 
irritable and depressed much of the time. Also, he 
was chagrined that he should feel so weak when 
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his obesity made him appear healthy to his 
associates (the “weak fat man” of Cushing’s 
syndrome). 

Despite the fact that he still weighed 230 pounds, 
he had lost perhaps 50 or 60 pounds over the past 
year. Another symptom of interest, as it developed, 
was his complaint that if he stood up abruptly he 
had a sudden feeling of weakness and dizziness 
associated with the sensation of something having 
moved downward in the upper part of the abdomen. 
As will be seen Jater, this was unquestionably the 
downward displacement of a huge adrenocortical 
carcinoma which was not palpated preoperatively 
because of his marked obesity and the overlying 
liver. 

Physical examination revealed a markedly 
obese, lethargic man who complained of weakness 
and chronic fatigue. Blood pressure was 180/110 
mm. Hg. His face was not florid or red but was 
obese. There were several ecchymotic areas on the 
arms and a few faint purplish striae on the lower 
part of the abdomen and thighs. (Fig. 3.) A 
nodular goiter was unassociated with physical find- 
ings suggestive of thyrotoxicosis. The abdomen was 
obese, and no organs or masses could be definitely 
palpated. The testes were normal in size but slightly 
soft. There was wasting of both the upper and 
lower extremities. The feet exhibited dependent 
rubor with trophic changes in the skin and toe- 
nails. The right femoral artery was barely palpable, 
and the right dorsalis pedis pulsation was question- 
ably present. However, the patient stated that he 
had not had intermittent claudication. 

Opinions were divided among the various 
physicians who had examined the patient. Some 
thought the disease lay largely in the urinary tract, 
with the other symptoms being secondary to 
urinary tract disease. Only one examiner considered 
Cushing’s syndrome a strong possibility. 

A blood count revealed the following: hemo- 
globin, 13.8 gm. per cent and 87 per cent; hemato- 
crit, 38 per cent; platelets, 435,000 per cu. mm.; 
white blood count, 18,750 per cu. mm. with 78 per 
cent polymorphonuclears and no_ eosinophils. 
Urinalysis revealed a specific gravity of 1.008 with 
a trace of albumin, no sugar and numerous white 
and red blood cells. The reaction to the serologic 
test for syphilis was negative. The plasma chem- 
istry measurements disclosed the following: phos- 
phorus level, 3.9 mg. per cent; fasting blood sugar, 
133 mg. per cent; total serum protein, 5.5 gm. per 
cent (albumin, 2.9 gm. per cent and globulin, 
2.7 gm. per cent); alkaline phosphatase, 2.9 Bodan- 
sky units; and non-protein nitrogen, 30 mg. per 
cent. The liver function studies indicated hepatic 
disease. The coagulogram revealed a reduced 
prothrombin level, a mildly increased clotting time 
and a 44 per cent clot retraction. There was addi- 
tional evidence of abnormality of several coagula- 
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ion factors. The phenolsulfonphthalein test revealed 
26 per cent excretion in the first twenty-five min- 
ites and 34 per cent excretion in the second, a total 
if 61 per cent of normal. A separate total eosinophil 
ount was taken, and no eosinophils could be 
ound, Plasma electrolyte studies revealed the fol- 
owing: chloride level, 104 mEq./L.; sodium, 
41 mEq./L.; potassium, 3.2 mEq./L.; and carbon 
lioxide combining power, 27 mEq./L. These are 
ssentially normal values with perhaps a slightly 
liminished potassium level. A glucose tolerance 
study revealed a curve indicative of mild diabetes. 

After the preliminary studies had been com- 
leted, attention was directed largely toward the 
irinary tract and the infection which had been dis- 
closed. Roentgenographic studies disclosed stones 
in the left ureter and markedly reduced function in 
the left kidney. The ureteral stones were removed 
by cystoscopic manipulation. Meanwhile, the 
roentgenologist had commented upon an osteopo- 
rosis noted incidentally in the bony structures of 
the thoracic cage and spine. The twenty-four—hour 
excretion of 17-ketosteroids in the urine was 
determined and found to be 12.8 mg., a value 
within normal limits. Corticoid measurements were 
not requested. The patient was discharged to his 
referring physician with the diagnosis of goiter and 
chronic urinary tract infection. The nausea and 
vomiting which he had exhibited on several occa- 
sions during his hospitalization were not satis- 
factorily explained, but it was thought that his 
febrile episodes might well be derived from the 
urinary tract infection. 

The patient did fairly well at home for a time, 
but about six weeks prior to his second admission on 
July 10, 1956, severe back pain had again devel- 
oped, and his physician found numerous red and 
white blood cells in the urine. He had continued to 
have ecchymotic areas on both forearms, and a 
left foot drop had developed. Further weight loss 
and even more severe weakness were noted. 

In brief, the neurologic deficit appeared to be 
explained on the basis of compression fractures of 
several vertebral bodies, associated with extremely 
marked osteoporosis; the bilateral renal calculi were 
again visualized. Furthermore, the features of 
Cushing’s syndrome were now far more apparent, 
including more obvious purplish striae of the 
lower part of the abdomen and thighs. (Fig. 3.) 
The opinion of most observers at this time was that 
this did, in fact, represent Cushing’s syndrome. 

The urinary calcium excretion, with the patient 
on a low calcium diet, was 390 mg. per twenty-four 
hours (normal, <300 mg.). 

The urinary 17-ketosteroid excretion at this time 
was reported as 17.3 mg. per twenty-four hours, 
again within normal limits for males but higher 
than the level reported on the previous admission. 
A four-hour ACTH intravenous infusion test was 
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employed using 25 mg. of this hormone. The plasma 
levels prior to the beginning of the infusion revealed 
the plasma level of free corticoids to be 7 ug. per 
cent (normal in our laboratory, 7 to 10 wg. per cent) 
and the level of conjugates to be 27.5 ug. per cent 
(normal, 4 to 7 wg. per cent), a total of 34.5 ug. per 
cent, a markedly elevated value. At the end of the 
ACTH infusion the plasma level of free corticoids 
was 23 ug. per cent and the level of conjugates was 
67 ug. per cent, a total of 90 wg. per 100 cc. of 
plasma (normal, less than 40 wg. per cent). Thus, 
the ACTH infusion test demonstrated a markedly 
increased adrenocortical hyperactivity or capability 
of reponse even in the presence of malignant tumor. 
These studies established beyond all doubt that 
the patient did, in fact, have Cushing’s syndrome. 

On September 19, 1956, the upper part of the 
abdomen was explored through a _ transverse 
incision. It was not known preoperatively whether 
the hyperadrenocorticism was due to adrenocortical 
hyperplasia or a tumor. Upon entering the peri- 
toneal cavity it was apparent that the liver was in- 
volved with metastatic deposits, and that there was 
an enormous cystic mass beneath this organ dis- 
placing it anteriorly. Unquestionably, this large 
mass had descended whenever the patient stood up 
abruptly preoperatively; it explained the sensation 
of something being displaced downward, from 
which it took him a few moments to recover be- 
cause of the dizziness produced. The cystic tumor 
of the right adrenal gland was obviously non- 
resectable as were the metastases to the liver. One 
of the hepatic lesions was taken for frozen section 
confirmation of a malignant tumor, and the ab- 
domen was closed. This biopsy resulted in a diag- 
nosis of metastatic adrenocortical carcinoma. 

The patient had a relatively smooth immediate 
postoperative course, but his general condition 
gradually continued to deteriorate, and he died on 
October 18, 1956. Autopsy confirmed again the 
large cyst in the right subhepatic area, metastatic 
nodules in the liver, bilateral renal calculi and the 
non-toxic nodular goiter. There was eviderice of 
terminal pulmonary edema but the underlying 
cause of his death was extensive malignancy arising 
from the right adrenal cortex. 


Comment: This patient’s clinical history has 
been presented in some detail because it is 
rather characteristic of the course which many 
patients with Cushing’s syndrome pursue. The 
more striking, and thus diagnostic, physical 
changes develop quite slowly in these persons. 
For every patient who offers almost all of the 
full-blown picture of Cushing’s syndrome, as 
this patient did only after his disease was quite 
extensive and long-standing, there are many 
others who may exhibit only one or two of the 
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usual symptoms or physical findings suggesting 
Cushing’s syndrome. In Table 1 are shown the 
features which this patient exhibited. 


PRIMARY HYPERALDOSTERONISM 


Inasmuch as primary aldosteronism is con- 
sidered elsewhere in this monograph, it will be 
reviewed here only briefly for the sake of a 
rounded discussion of functioning tumors of the 
adrenal cortex. 

Etiology and Pathophysiology. For many 
years it was appreciated that when all known 
adrenocortical hormones had been isolated and 
separated from adrenocortical brei, there re- 
mained in the residue a so-called “‘amorphous 
fraction” which had an extremely potent effect 
on body electrolyte metabolism. Gradually this 
material was referred to as “‘electrocortin” and 
subsequently was isolated as aldosterone. 
Meanwhile, the cause of cases diagnosed as 
“familial periodic paralysis’ associated with 
marked hypocalcemia, not necessarily asso- 
ciated with a negative potassium balance, had 
not been satisfactorily explained. Thus the 
stage was set for the reports of Conn [4,5] in 
1955, who described a case of what he termed 
“primary aldosteronism.” His patient had an 
adrenocortical tumor which was producing an 
increased urinary excretion of the salt-retaining 
hormone, presumably an aldosterone; the level 
of excretion ranged from 300 to 2,300 ug. 
equivalents of desoxycorticosterone acetate. 
This was in comparison to the normal daily 
urinary excretion of aldosterone of 75 to 115 ug. 
equivalents of desoxycorticosterone acetate 
[23,24]. Conn’s patient exhibited intermittent 
tetany, periodic severe muscular weakness and 
paralysis, parathesias, polyuria and polydipsia, 
hypertension and impairment of renal function. 
These clinical findings were associated with 
severe hypokalemia, hypernatremia, alkalosis, 
a slightly negative potassium balance and a 
renal tubular defect in the reabsorption of water. 
This failure of the renal conservation of water 
was not corrected by the administration of 
Pitressin.® 

Since Conn’s original report, numerous cases 
of primary aldosteronism have been reported, 
due to both hyperplastic or even normal sized 
glands and functioning adrenocortical tumors 
[2,11,12,19]. These patients do not exhibit the 
manifestations of Cushing’s syndrome, which 
are produced largely by the glucocorticoids. 
Instead, the findings appear to be caused almost 
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entirely by an excessive rate of secretion of the 
water and electrolyte-regulating hormone, aldo- 
sterone. Nevertheless, we have operated upon 
one patient with the manifestations of Cush- 
ing’s syndrome who also had many of the 
findings compatible with aldosteronism and, in 
fact, the level of excretion of aldosterone in the 
urine of this patient was elevated, in addition to 
the markedly elevated adrenocortical activity 
in respect to the secretion of hydrocortisone- 
like glucocorticoids. 

Thus, the patient with hypertension, un- 
explained episodes of muscular weakness, un- 
explained hypokalemia with hypochloremia, 
alkalosis, and episodes of polyuria and poly- 
dipsia should be screened for hyperaldosteron- 
ism. The majority of patients with this disease 
thus far reported have not had edema, despite 
the tendency toward hypernatremia. 

Not all patients with hypertension and 
hypokalemia have an increased production of 
aldosterone, however. Such findings may de- 
velop in Cushing’s syndrome, during treatment 
with chlorothiazide and in association with 
certain physiologic derangements of the renal 
tubules, among other conditions. 

Primary hyperaldosteronism is treated by ex- 
cision of the hyperfunctioning adrenocortical tis- 
sue, whether due to tumor and/or hyperplasia 
[37]. 


THE ADRENOGENITAL SYNDROME 


Etiology and Pathophysiology. The adreno- 
genital syndrome [3] is produced by an excessive 
secretion of androgenic substances. The adreno- 
genital syndrome that results from adreno- 
cortical dysfunction may be produced by 
hyperplasia, benign or malignant tumors, or 
even by adrenal glands which appear ana- 
tomically normal but are functionally hyper- 
active with respect to the secretion of andro- 
gens. Virilism may also be produced by adrenal 
rests in the ovaries, tumors of the testes and 
pineal tumors with associated disease of the 
hypothalamus, whereas in Cushing’s syndrome 
the changes encountered involve virilism. 

Symptoms and Physical Findings. Adrenal 
virilism is, of course, most striking in the male 
or female child and the female adult. Such 
virilism in the adult male would not ordinarily 
be detected. Actually, however, the majority 
of instances of adrenocortical hyperfunction, 
whether representing Cushing’s syndrome or the 
adrenogenital syndrome, are found in females. 


As the well chosen name implies, the signs and 
symptoms of the adrenogenital syndrome have 
to do largely with the genitalia, the changes 
yeing of adrenal origin. In children there may be 
precocious puberty in the male, with enlarge- 
ment of the penis and secondary sex charac- 
teristics; in the female there is enlargement of 
the clitoris, a male pubic hair escutcheon, de- 
creasing size of the breasts, development of a 
nale musculature, deepening of the voice, acne 
ind amenorrhea. 

Whereas in our experience the adrenogenital 
syndrome has usually been diagnosed somewhat 
more promptly than Cushing’s syndrome, there 
frequently is considerable delay in the diagnosis 
particularly when it occurs in the adult female; 
the picture is so striking in children that a late 
diagnosis is not common unless the parents 
simply fail to take the patient to a physician. 
Nevertheless, frequently many months have 
been consumed with various diagnoses and 
studies before the woman with increased 
adrenal androgen production is accurately 
evaluated. Two of our patients with mascu- 
linizing adrenocortical carcinomas were studied 
for prolonged periods for various complaints 
before the presence of the tumor was accurately 
identified by determining the urinary excretion 
of 17-ketosteroids and, with appropriate roent- 
genographic studies, demonstrating the pres- 
ence of a mass on the right side in one patient 
and on the left in the other. 

The striking virilism in boys or the viriliza- 
tion with pseudohermaphroditism in females 
usually results in urinary steroid analyses. It 
is currently of considerable practical impor- 
tance to distinguish preoperatively between 
adrenocortical hyperplasia and a tumor, for the 
former can be treated medically. Fortunately, 
the studies of Wilkins and his associates [32-36] 
have demonstrated that by appropriate ad- 
ministration of steroid therapy the increased 
urinary excretion of 17-ketosteroids, reflecting 
the increased production of androgens by the 
adrenal cortices, can be reduced to normal by 
corticosteroid therapy if hypersecretion is due 
to hyperplasia and not to a tumor. As pointed 
out by Thorn and his associates [30], fractiona- 
tion of the urinary 17-ketosetroids into those 
derived from hydrocortisone and from adrenal 
androgens is of specific diagnostic aid when 
such analyses are available. Studies on the 
inhibition of adrenal androgen production by 
cortisone or its derivitives, preferably predni- 
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sone or fluorocortisone, will be of additional 
help in differentiating a tumor from hyperplasia 
and indicating whether non-operative treat- 
ment, such as long-continued cortisone therapy, 
is in order for the management of hyperplasia or 
if surgery must be resorted to for resection of a 
tumor. As was pointed out earlier, the adminis- 
tration of cortisone itself may result in some 
increase in the urinary secretion of 17-keto- 
steroids, and thus it is desirable to use small 
amounts of the most potent cortisone-like 
substances in the suppression test, so that the 
small quantity of 17-ketosteroids derived from 
the exogenously administered hormone will not 
interfere significantly with the evaluation of the 
tests. Prednisone particularly is not excreted as 
17-ketosteroid material and hence can be used 
to advantage. This substance does, of course, 
increase the level of the corticoids in the urine. 

The extensive studies and reviews of the 
subject of adrenal virilism by Wilkins and his 
associates [32-36] can be examined with much 
benefit by those wishing a further discussion of 
the problem. 

Management. Before discussing the opera- 
tive resection of a functioning tumor of the 
adrenal cortex which is producing the adreno- 
genital syndrome, perhaps a few words might 
be devoted to the management of increased 
adrenocortical activity in the absence of tumor, 
such as may exist due to hyperplasia or in- 
creased activity of the otherwise grossly and 
histologically normal glands. It was pointed out 
earlier that many patients can be treated suc- 
cessfully with suppressive cortisone or similar 
glucocorticoid therapy, although in the rare 
case supplementary treatment may be required 
with a desoxycorticosterone-like compound be- 
cause of inadequate electrolyte metabolism. 
This is necessary because in the presence of 
increased adrenal androgen production by the 
hyperplastic zona reticularis, the secretion of 
the metabolically active corticosteroids may be 
inadequate to maintain adequate water and 
electrolyte metabolism and, in some cases, 
carbohydrate and nitrogen metabolism as well. 
It would appear that the hyperplasia and 
excessive activity of the androgen-producing 
zona reticularis may encroach upon or suppress 
the activity of the zona glomerulosa and the 
zona fasciculata. (Fig. 4.) 

In still other patients with hyperfuncton but 
without a tumor, the suppression with cortisone- 
like hormones is unsatisfactory and the possibil- 


ity of bilateral radical subtotal or total adrenal- 
ectomy must be considered. This is often a 
difficult decision to make, for in contradistinc- 
tion to Cushing’s syndrome in which the 
metabolic derangements are incompatible with 
normal longevity, the female patient with the 
adrenogenital syndrome may look forward to a 
normal life span but at the same time an un- 
happy one because of virilism and pseudo- 
hermaphroditism. However, having posed these 
important problems, we shall henceforth con- 
sider only the management of functioning 
masculinizing tumors of the adrenal cortex. 

Preoperative preparation, operative considera- 
tions and postoperative management of mascu- 
linizing adrenocortical tumors: In contradistinc- 
tion to the patient with Cushing’s syndrome, 
who may be markedly debilitated and represent 
a poor operative risk because of these metabolic 
changes, the patient with the adrenogenital 
syndrome usually is more muscular and fre- 
quently in excellent condition for any surgery 
that may be required. It is true that occa- 
sionally these patients exhibit, as pointed out 
previously, inadequate function for the normal 
regulation of body fluid metabolism, but, in 
our experience, this is more likely to occur in 
the patient who has bilateral hyperplasia than 
in one with a unilateral tumor. Furthermore, 
the adrenal opposite the functioning adreno- 
cortical masculinizing tumor is not as likely 
to be atrophic as is the adrenal opposite a 
functioning adrenocortical tumor which is pro- 
ducing Cushing’s syndrome. Therefore, pre- 
operative hormonal therapy is not indicated 
except for diagnostic purposes in differentiating 
between the adrenogenital syndrome due to 
hyperplasia and that due to a tumor. The 
operative approaches are the same as those 
previously described for the removal of 
an adrenocortical tumor producing Cushing’s 
syndrome. 

Postoperative management also entails less 
risk of adrenocortical crisis than that following 
excision of a functioning cortical tumor which 
has produced Cushing’s syndrome or following 
subtotal excision of adrenocortical tissue for 
whatever reason. We have, however, treated 
these patients in much the same manner as was 
described previously for the management of the 
patient with Cushing’s syndrome following 
resection of the functioning tumor. At opera- 
tion a continuous intravenous drip is begun: 
100 mg. of hydrocortisone are given every six 
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hours for the first twenty-four hours and every 
eight hours for the second twenty-four hours 
postoperatively; thereafter the dosage is gradu- 
ally reduced. It has usually been possible to 
stop the supplementary steroid therapy more 
quickly and without the use of maintenance 
therapy in patients who had a functioning 
masculinizing tumor than in those with a tumor 
producing Cushing’s syndrome. 

Follow-up studies and prognosis: One of us 
(J. D. H.) has had recent experience with three 
patients who had masculinizing tumors of the 
adrenal cortex, and in each instance the 
neoplasm was malignant. One of these patients 
died approximately six months after original 
excision of a huge right adrenocortical tumor 
which weighed several pounds. Solitary pulmo- 
nary metastasis developed in the second pa- 
tient, a young child, approximately two years 
following resection of a left adrenocortical 
carcinoma, and this pulmonary metastasis was 
resected uneventfully. She is still living, to our 
knowledge, approximately four years following 
resection of the adrenal tumor. The third pa- 
tient (Case 11) was operated upon about a year 
prior to this writing and is currently being 
followed up with measurements of the urinary 
excretion of 17-ketosteroids every three months. 

Thus it is seen that the patient who has a 
masculinizing tumor of the adrenal cortex is 
very likely to have a poor prognosis, even 
though the tumor appears to be encapsulated 
and is removed with the “capsule” intact. 
Most such tumors exhibit blood vessel invasion 
on histologic study. 


Case u. A. J. C., a nineteen year old female 
college student, was admitted to the University 
Hospital on August 20, 1958, with the history of 
having been well until June 1956, when she 
abruptly stopped having menstrual periods. Prior 
to that time she had had normal menses since the 
age of twelve and had passed through a normal 
puberty. In an effort to effect a resumption of the 
periods, her local physician had given her a course of 
estrogen therapy which restored normal periods for 
several months. However, in 1957 she again ceased 
to have periods but estrogen therapy, again 
instituted, failed to restore menstruation. In June 
1958 dilatation and curettage had been performed. 
The operation failed to restore menstrual function, 
and at this point she was referred to a gynecologist. 
He elicited a history of increasing hirsutism, en- 
largement of the clitoris, deepening of the voice, 
atrophy ,of the breast and male pubic hair 
escutcheon. The twenty-four—hour urinary excre- 


ion of 17-ketosteroids was 225 mg. (normal, 5 to 
5 mg. per twenty-four hours). She was admitted to 
the University Hospital with the diagnosis of in- 
reased androgen production, source as yet 
undetermined. 

On physical examination, the patient was an 
ittractive, alert, lean, athletic and slightly mascu- 
ine-appearing young college girl with a normal 
speaking voice. There was noted a generalized in- 
crease and coarseness of the body hair, particularly 
iround the nipples and on the chin and lower part 
of the abdomen. There was mild to moderate acne 
»ver the face, back and arms. There were no striae 
xx ecchymotic areas. The clitoris was definitely 
enlarged (Fig. 4), and she stated that her breasts 
had diminished in size. There were no stigmata sug- 
gestive of the metabolic derangements which one 
would expect in the presence of Cushing’s syndrome 
and the blood pressure was 120/70 mm. Hg. No 
abdominal organs or masses were palpable. 

Laboratory studies disclosed that the blood count 
and urinalysis were within normal limits. The total 
eosinophil count was 66 cells per cu. mm. The 
routine plasma chemistry measurements (phos- 
phorus, chloride, carbon dioxide combining power, 
potassium, sodium, alkaline phosphatase, calcium 
and non-protein nitrogen) were within normal 
limits. 

The plain films of the abdomen, taken to disclose 
soft tissue detail, revealed three masses in the left 
upper quadrant, spleen, kidney and a third shadow 
probably representing an adrenal mass. 

The urinary excretion of 17-ketosteroids, being 
225 mg. per twenty-four hours, was considered to 
be in the range which virtually precluded the 
presence of hyperplasia and almost certainly 
represented a tumor of the adrenal cortex, probably 
a malignant one. For this reason, the time and 
expense required for a trial of suppressive hydro- 
cortisone therapy, to distinguish between possible 
hyperplasia and the presence of an adrenocortical 
tumor, was considered unnecessary. Furthermore, 
the onset of virilism in an adult female who had 
previously had normal menstrual periods for a 
number of years was considered far more likely to 
be caused by a tumor than a late development of 
hyperplasia which more often begins in childhood. 
For this reason immediate operation was planned. 

On August 22, 1958, the abdomen was explored 
through a transverse upper abdominal epigastric 
incision. The hand was introduced and palpation 
promptly disclosed a mass in the region of the left 
adrenal gland. The incision was extended to the 
left, but exposure was still found inadequate to 
afford sufficiently careful dissection to avoid 
rupture of the tumor capsule with possible spillage 
of cells. The abdominal incision was thus extended 
between the seventh and eighth ribs to convert it to 
a modified thoracoabdominal exposure. Without 
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Fic. 4. Case 11. Enlarged clitoris in adrenogential syn- 
drome due to functioning left adrenocortical carcinoma. 


actually entering the pleural cavity it was possible 
to place a rib spreader between these two ribs and 
gain adequate visualization of the area of the 
tumor; the diaphragm was incised for a distance of 
about 6 cm. at the site of the intercostal extension. 

The tumor (Fig. 5) was removed by total 
excision of the gland, the capsule remaining un- 
ruptured. There was no evidence of local spread or 
metastases to the liver. The diaphragm was closed 
with interrupted sutures of No. o silk, and the 
abdominal wound was closed in a routine manner. 

The patient’s postoperative course was com- 
pletely uneventful. The usual prophylactic doses of 
hydrocortisone were administered intravenously, 
as described previously, but were completely 
stopped by the seventh postoperative day. The 
urinary excretion of 17-ketosteroids on the day 
prior to discharge was 2.3 mg. per twenty-four 
hours, as compared with the preoperative level of 
225 mg. 

The pathologist returned the diagnosis of 
adrenocortical carcinoma with evidence of blood 
vessel invasion. 

The patient has now been followed up for over a 
year with periodic physical examinations and 
measurement of the urinary excretion of 17-keto- 
steroids. About six weeks postoperatively she began 
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Fic. 5. Case 1. Adrenocortical carcinoma. 


to have normal menstrual periods, the body hair 
changed to her usual feminine pattern, the breasts 
enlarged and the acne receded. There even appeared 
to be some diminution in the size of the clitoris in 
subsequent months. However, in November 1959 
she again had a scant period and the following 
month had none. The urinary excretion of 17-keto- 
steroids is still well within normal limits, but only 
time will tell whether she will exhibit recurrence of 
the neoplasm. 


FEMINIZING ADRENOCORTICAL TUMORS 


Functioning adrenocortical tumors which 
produce feminization are not common but, in 
an excellent review of twenty-eight cases, 
Higgins, Brownlee and Mantz [20] emphasized 
that these lesions are perhaps not as rare as 
previously believed. One of us (J. D. H.) was 
once associated with the management of a case 
of feminizing tumor of the adrenal cortex. The 
changes associated with these lesions consist of 
enlargement of the breasts, a decrease in 
testicular size and impotence. 

It has been shown that these patients secrete 
increased amounts of estrogenic substances in 
the urine [9,10,20,22]. The fact that the adrenal 
cortex normally secretes a certain amount of 
estrogen is well known, and studies of adrenal 
vein blood have further documented such 
estrogenic activity [17]. 

Of the twenty-eight cases collected and 
reviewed by rliggins and his associates [20], 
pathologic studies of the adrenal pathology 
were made in twenty-six. Of these, all lesions 
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were neoplastic, except for the coincidental 
occurrence of cortical hyperplasia in one patient. 
In nineteen patients the neoplasm proved to be 
malignant histologically and/or clinically. One 
additional patient probably had a carcinoma, 
although pathologic study was not made. Thus, 
of twenty-six patients in whom histologic 
studies were available, all had neoplasms, 
twenty of these being malignant. In discussing 
these findings the authors pointed out that even 
though six tumors were diagnosed histologically 
as benign, such reports should be accepted with 
reservations, in view of the fact that the predic- 
tion of clinical behavior of adrenocortical 
tumors by histologic means is fraught with 
great difficulty unless frank contiguous spread 
or blood vessel invasion is demonstrable. Al- 
though encapsulation is a prominent feature of 
both benign and malignant tumors, the poten- 
tial magnitude of such lesions to invade blood 
vessels is apparently on the order of that asso- 
ciated with hypernephroma of the kidney. 


SUMMARY 


1. The technical and physiologic manage- 
ment of functioning adrenocortical tumors is 
reviewed. The clinical pictures produced by 
various types of hyperadrenocorticism are 
Cushing’s syndrome, hyperaldosteronism, the 
adrenogenital syndrome, feminization and mixed 
syndromes. 

2. The findings in the history and physical 
examination which suggest endocrine dysfunc- 
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ion should lead to specific plasma and steroid 
nalyses that are essential to establish the 
iagnosis on the firmest possible basis. 

3. The clinical picture produced is deter- 
iined by the specific chemical formula of the 
verproduced steroid, in addition to the age and 
ex of the patient. 

4. Functioning adrenocortical tumors are 
‘equently malignant and the prognosis is thus 
ften poor. 

5. The patient with Cushing’s syndrome may 

omplain only of weakness and weight gain for 
iany months prior to the development of other 
nore striking physical features of the condition. 
The diagnosis is established by the demonstra- 
ion of an increased rate of production of gluco- 
orticoids. This may be done with control 
plasma levels, response to the intravenous in- 
fusion of ACTH and measurement of corticoid 
excretion in the urine. The urinary excretion of 
i7-ketosteroids is also elevated in many cases. 
Collateral laboratory data of value are derived 
from the blood count, plasma electrolyte values 
and urinalysis. The functioning adrenocortical 
tumor is excised, and during and after opera- 
tion hydrocortisone is infused in substantial 
doses to prevent acute adrenocortical failure. 
An analysis of a far advanced case is presented. 
Long term follow-up examinations are impor- 
tant aspects of management. 

6. Hyperaldosteronism due to functioning 
tumors of the adrenal cortex is now a well 
established entity. The condition should be at 
least considered in any patient who has hyper- 
tension, unexplained episodes of muscular 
weakness, hypokalemia with hypochloremia or 
alkalosis, and episodes of polyuria and poly- 
dipsia. There is a tendency toward hyper- 
natremia. The diagnosis is confirmed by the 
demonstration of an increased level of aldo- 
sterone excretion in the urine. 

7. The adrenogenital syndrome is due to an 
excessive production of androgens by adrenal 
hyperplasia or neoplasia. Such patients exhibit 
an increased level of 17-ketosteroid excretion 
in the urine at operation. The level of corticoid 
excretion may also be elevated. The tumor fre- 
quently appears to be encapsulated but is often 
malignant with blood vessel invasion, and 
recurrences are common. A case analysis is 
presented. 

8. The qualitative and quantitative diagnosis 
of hyperadrenocorticism has now become far 
more precise than it was a decade ago. Further- 
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more, the hazard of acute postoperative 
adrenocortical insufficiency has been almost 
abolished by the availability and liberal use of 
effective replacement therapy. 
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Wwe Cushing’s disease is not the most 
common endocrine abnormality treated 
by surgery, it is encountered frequently enough 
to make early accurate diagnosis important. 
The present report is a review of forty cases 
seen at The New York Hospital-Cornell 
Medical Center over a twenty-six—year period. 
Because this entity was recognized in relatively 
recent years, it was thought worthwhile to in- 
clude a brief historical review of the adrenal 
glands and of one of their diseases. Bartolom- 
meo Eustachius described the adrenal glands in 
1563, but his anatomic drawings were not 
published until 1714. In 1885 Claude Bernard 
postulated a secretory function of the adrenal 
glands. When Brown-Sequard excised the 
glands from dogs and the animals quickly died 
it became obvious that the organs were essential 
to life. In 1894 Oliver described the function of 
the adrenal medulla in a general fashion [73]. 
The functions of the adrenal cortex are still 
being elucidated. 

Harvey Cushing, in 1912, described what is 
probably the first case of the disease that now 
bears his name. By 1932 he had collected 
twelve such cases [4]. At that time the disease 
was attributed to overactivity of the basophilic 
cells of the pituitary, and it was frequently 
treated by radiating the gland. However, cases 
in which the pituitary was normal and the dis- 
ease was apparently limited to the adrenal 
cortex created doubt as to the universality of 
Cushing’s hypothesis. At the present time, 
extirpation of the hyperfunctioning cortical 
tissue appears to yield the highest incidence of 
good results in our clinic. Hench and Kendall 
opened the door to simple hormone replacement 
with their isolation of cortisone and other 
steroids in 1948 [9]. 


ETIOLOGY 


Many workers are attempting to explain the 
relationship of the pituitary to the adrenal and 
possibly to the hypothalamus. Patients with 
hypercorticism usually show increases in the 
urinary 17-hydroxycorticoids. Elevations in the 
corticotropic factor of the adenohypophysis 
have not been demonstrated in these persons. 
Various theories attempting to explain the 
mechanism of adrenal activity have been 
proposed. 

One group of investigators [26] has shown 
that with stress, adrenaline and noradrenaline 
act on the pituitary to cause the release of 
ACTH, which then stimulates the adrenal 
cortex and causes a release of steroid hormones. 
There is some evidence that this action is 
mediated through the hypothalamus. The 
effect is short-lived and accommodation takes 
place quite rapidly. It has been shown that 
repeated injections of epinephrine will not 
cause hypertrophy of the adrenal gland. On the 
other hand, repeated injections of corticotropin 
will cause an animal or human being to develop 
all the characteristics of Cushing’s disease, and 
postmortem studies have shown adrenal hyper- 
plasia. Sayer [22] believes there is a reciprocal 
relationship between the two organs. During 
stress, the affected area removes more steroid 
from the blood. Lowered concentration of 
steroid in the circulation stimulates the release 
of ACTH, and this in turn stimulates the 
cortical tissues so ‘that more steroids are 
released, thus restoring the blood level of the 
hormones. Hume [10,17], a proponent of the 
theory which postulates that the hypothalamus 
is the seat of control, questions this explanation. 
He injured the extremities of dogs to cause 
stress but was unable to demonstrate any in- 
crease in the steroid levels in the injured area 
when it was excluited from the circulation. 
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Continuing with his work, he showed that 
selective stimulation of the hypothalamus pro- 
duced corticotropin. This was independent of 
direct connection with the adenohypophysis or 
integrity of the abdominal sympathetics. 
Furthermore, destruction of the hypothalamus 
prevented the production of ACTH by adrena- 
line stimulation when the pituitary was intact. 
Recent studies by Egdahl [5] have failed to 
show any humoral factor in the area that has 
been injured. His work seems to indicate that 
to activate the pituitary adrenal axis, the nerves 
from the injured part must be intact. 

Jones [13] and many other authorities believe 
that the most likely cause of Cushing’s syn- 
drome is overstimulation from the pituitary. 
Jailer and his group [12] believe that evidence 
for this is inadequate. Repeated injections of 
corticotropin in experimental animals failed to 
produce the hyper-responsiveness in the adrenal 
cortex, a characteristic that is present in pa- 
tients with Cushing’s disease. He proposes a 
theoretic substance that has not yet been iso- 
lated and which is labelled a corticotropin- 
potentiating factor. The presence of this factor 
would explain the apparent lack of ACTH 
elevation in persons suffering from hyper- 
corticism. Obviously it will require much 
further investigation to elucidate completely 
the mechanisms involved. 


NATURAL HISTORY AND CAUSE OF DEATH 


Both Cushing in 1932 [4] and Plotz [19] 
twenty years later mention five years as the 
average duration of life in untreated patients. 
Plotz reviewed thirty-three cases from the 
Medical Service of Presbyterian Hospital, New 
York City, and studied 156 from the literature. 
He was able to evaluate 114 autopsies in the 
entire group and reported that the most com- 
mon finding was bilateral adrenal hyperplasia. 
Carcinoma of the adrenal gland was demon- 
strated in 15 per cent and discrete adenomas in 
8 per cent. Studies of the pituitary glands 
showed deposits of hyaline material compatible 
with Crooke’s changes in the basophilic cells in 
the majority of the cases. Twenty-seven per 
cent of the patients had a real or questionable 
basophilic tumor. These patients died primarily 
of complications related to excess hormone 
production. Infections were the most common 
cause of death. However, degenerative cardio- 
vascular disease, postoperative complications 
and neoplasia were also very important causes 
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of death. A total of 10 per cent of the deaths 
were intimately related to cancer. There were 
sIx patients with coexisting carcinoma of the 
thymus and four with cancer of the pancreas. 
In the group studied there was a high incidence 
of arteriosclerosis and osteoporosis. The co- 
existence of Cushing’s disease with malig- 
nancies, including bronchogenic carcinoma, has 
been recently reported. The relationship, if any, 
is unknown. Cope and Raker [3] reported their 
experience with forty-six cases. Among the 
seven patients who came to autopsy, none had 
pituitary tumors, although six did show 
Crooke’s changes in the basophilic cells. The 
adrenal glands in all the autopsied patients were 
hyperplastic. No other tumors were discovered 
in this series. 

Although several isolated reports [8,15,25] 
from Great Britain have mentioned the asso- 
ciation of Cushing’s disease with carcinoma of 
the bronchus, they were unable to explain what 
relation, if any, existed between the two dis- 
eases. A recent report from the Mayo Clinic 
[23] described three cases of thymic cancer 
associated with hypercorticism. In one case the 
symptoms of hypercorticism appeared before 
the finding of a thymic tumor, and there was a 
temporary regression following adrenal surgery. 
In the other two instances the symptoms of the 
thymic tumor appeared first. At present, the 
over-all incidence of malignancy and Cushing’s 
disease appears higher than one would expect 
but the mechanism is completely obscure [18]. 


SIGNS AND SYMPTOMS 


Many patients whose adrenal cortex pro- 
duces an excess amount of glucocorticoids suffer 
with their disease for some time before it is 
diagnosed. The signs and symptoms are fre- 
quently attributed to excessive eating, psycho- 
neurosis or chronic hypochrondriasis. The 
classic case in this disorder is easy to recognize. 
The most common complaint is weakness of a 
varying degree, many authorities stating that it 
would be difficult to make the diagnosis with- 
out this symptom. The patients have difficulty 
in performing their daily tasks. They can often 
start the day fairly well but then fatigue rapidly 
as time wears on. In fact, some of the patients 
have been brought to the hospital in great dis- 
tress because of their debility. One patient in 
our series had episodes of cyanosis during her 
illness. In many female patients, menstrual 
irregularities or complete amenorrhea will 
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Weakness L 62.5 % 
Menstrual Disturbances : | 80.5 % 

Moon Facies L } 80 % 

Hirsutism L 80 % 

Plethora 72.5 % 

Hypertension | les % 

Truncal Obesity % 

Acne j 62.5 % 

Psychiatric Disturbances | 55 % 

Increased. Bruising | | 50 % 


@ (36 PATIENTS) 


Fic. 


develop, and their increasing hirsutism becomes 
1 cosmetic and social problem Male patients 
‘commonly complain of the loss of libido. The 
:mount of weight gained is quite variable. Often 
t is a change in the distribution of the body fat 
rather than a real increase in poundage that a 
person will notice. Truncal obesity with slender 
extremities is the typical picture. There is 
definite loss of muscle mass in the legs and arms. 
Pathologic fractures secondary to advanced de- 
mineralization occasionally cause a patient to 
seek medical advice for the first time. It is 
relatively rare to see a patient with frank 
symptoms of diabetes but the disease is fre- 
quently seen in a latent form. 

The patient shows many characteristic signs. 
Plethora, acne, moon facies and the buffalo 
hump fat pad are always striking when present. 
Centripetal adiposity may or may not be im- 
pressive. Questioning by the doctor usually 
brings out additional complaints such as in- 
creased irritability, emotional instability or 
even frank psychosis on rare occasions. A 
moderate hypertension is usually noted. In 
addition, the patients frequently show signs of 
arteriosclerosis beyond that expected for their 
age. The incidence of the signs and symptoms is 
listed in Figure 1. 


AGE AND SEX INCIDENCE 


Cushing’s disease is much more common in 
women than in men. The youngest patient 
reported in the literature who came to surgery 
was a female infant six weeks of age [7]. A 
cortical carcinoma was found at exploration, 
and she died on the fourth postoperative day. 
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1. Clinical signs and symptoms. 


Postmortem study demonstrated tumor cells in 
the pulmonary artery. Another child died at the 
age of three months after a pontine hemorrhage 
[20]. Autopsy revealed adenomas in both 
adrenals. Probably the youngest patient who 
was cured was reported by Weidener and 
Towery [28]. This nine month old girl was very 
obese and hypertensive. She had normal urinary 
levels of potassium and 17-ketosteroids. The 
values for 17-hydroxycorticoids were not 
determined. An adenoma of the adrenal gland 
was removed at surgery, and the child is 
described as having done well during a seven- 
teen-month’ follow up. However, such young 
patients are in the distinct minority, the 
majority of cases occurring in patients in the 
thirty- to forty-five-year age range. 


LABORATORY EVALUATION 


The single most useful test in determining 
overactivity of cortical tissue producing gluco- 
corticoids is the assay of the 17-hydroxy- 
corticoids. This test is now performed on all 
patients in this clinic suspected of having 
hypercorticism. The older method of measuring 
17-ketosteroids may also show elevated plasma 
and urinary levels but this fraction is more 
valuable in studying patients with the adrenal 
virilizing syndrome [6]. 

Other important blood and chemical ab- 
normalities are summarized in Figure 2. 
Roentgenographic studies should include a gen- 
eral bone survey for osteoporosis. Intravenous 
pyelograms, which sometimes show depression 
of one of the kidneys when a tumor is present, 
may be useful in determining the proper side for 


Elevated 17 Hydroxycorticoids 
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Increased Insulin Resistance 
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Osteoporosis 
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144 % 
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Elevated Urinary 17 Ketosteroids = 


Alkalosis 
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| 37.5 % 
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Fic. 2. Laboratory determinations. 


exploration. Retroperitoneal air studies have 
not been as helpful as it was first hoped they 
would be. Skull films of the sella turcica should 
also be obtained. Various suppression tests have 
been used with only variable success, and the 
ACTH stimulation test has also been used with 
erratic results [2]. At the present time we have 
not been able to differentiate between a tumor 
or hyperplasia utilizing these determinations 
as a sole guide. 


SURGICAL MANAGEMENT 


Surgical management presupposes close co- 
operation with the internist. Patients with 
Cushing’s disease are frequently very fragile 
and require close observation during their en- 
tire stay until they are well stabilized. Patients 
who exhibit osteoporosis must be protected 
against pathologic fractures which could cripple 
them after they have been cured of their 
hormonal imbalance. In handling these patients 
due Zconsideration should be given to their 
precarious cardiovascular status, especially in 
correcting any fluid imbalance. 

At the present time the surgical management 
is planned according to the preoperative 
diagnosis. In the past the preferred position was 
the lateral one with an extraperitoneal ap- 
proach to the adrenal gland. This is still the 
approach if preoperative studies indicate that 
there is a tumor on one side. The lateral posi- 
tion gives better exposure than does the trans- 
abdominal. In the present series two patients 
who had adenomas of the adrenal gland were 
subjected to total bilateral adrenalectomy be- 
cause the first side, which was, in fact, normal, 
appeared to the surgeon to be somewhat hyper- 


plastic at the time of exploration. To prevent 
recurrence of this eventuality, the anterior ap- 
proach is used when there are no localizing signs 
as to the proper side. This enables simultaneous 
exposure of the suprarenal areas and thorough 
evaluation of both glands. Using this technic, a 
localized tumor is readily recognized. If a pa- 
tient who has undergone exploration through 
the flank does not have a tumor where one had 
been suspected, the first side is closed and the 
other side is then explored during the same 
period of anesthesia. If the skin of the back is in 
poor condition due to acne or if there is severe 
osteoporosis, then the transperitoneal method 
may be preferable even in cases of suspected 
unilateral tumor. 

Steroid therapy is of utmost importance in 
these patients. The night before surgery the pa- 
tient receives 100 mg. of cortisone. This steroid 
is repeated two hours prior to the induction of 
anesthesia. During the operation intravenous 
fluids are maintained at all times so that hydro- 
cortisone can be administered in 100 mg. incre- 
ments should an emergency arise. An additional 
100 mg. of cortisone is given at the conclusion 
of the operation and again eight hours post- 
operatively. Three milligrams of desoxycorti- 
costerone is also given at the completion of 
surgery. During the next seven to ten days the 
cortisone is gradually decreased until a main- 
tenance dose of 25 to 50 mg. a day is reached. 
Desoxycorticosterone is also decreased until a 
dose of 1.5 mg. per day is reached. The patient 
is then usually switched to 0.125 or 0.250 mg. of 
9 alpha-fluorohydrocortisone orally per day. 

Most of the patients in the series have been 
operated upon in two stages since the present 


2 x 
452 


Fic. 3. Preoperative appearance of a forty-one year old 
woman. Note marked moon facies, hirsutism and 
truncal obesity. 


program has been in effect for a relatively short 
time. Several of the patients have had a perma- 
nent remission of the syndrome following 
unilateral ablation. Ordinarily, however, these 
remissions have been only temporary, and the 
second operation was necessary for permanent 
relief of symptoms. In the patients with bi- 
lateral hyperplasia it has been the experience 
at this clinic that total adrenalectomy is the 
most satisfactory mode of therapy. One patient, 
who refused to undergo total adrenalectomy, 
has been treated with unilateral extirpation and 
radiation of the pituitary. Exploration was 
performed to make sure no adrenal tumor was 
present. These are not usually the best methods 
of management [16]. 

During the postoperative period the patients 
are subjected to precision management. The 
presence of osteoporosis may render early 
mobilization quite hazardous; however, mobili- 
zation, if feasible, is carried out. There has been 
one pathologic fracture of the femur in the 
sroup during the postoperative period. Usually 
the patients are not treated with chemotherapy, 
but there is no hesitation to add this to the 
regimen if there is any need for it. Poor wound 
healing is reported as common, but there have 
been no instances of dehiscence in the series. 
All wounds are closed with silk in an attempt to 
decrease this possibility, and the skin sutures 


Adrenalectomy for Cushing’s Syndrome 


Fic. 4. Appearance of same patient six months following 
excision of adrenal adenoma. The over-all change is 
quite striking. 


are often left in longer than usual. Rehabilita- 
tion of these patients is very gratifying. In a 
matter of weeks following therapy, changes 
toward normalcy become apparent in the skin, 
hair distribution and the body habitus. 
Muscle power gradually improves over a 
longer period. Emotional difficulties become 
less obvious in most cases, and many patients 
regain the personality they possessed before 
illness. Figures 3 and 4 show a good example of 
the changes that occur following successful 
surgery. The patient illustrated, a forty-one 
year old woman, underwent excision of a benign 
cortical adenoma and has been well to the 
present time. Correction of the bone deminerali- 
zation takes somewhat longer than the correc- 
tion of other aberrations. Blood pressure 
frequently returns to normal; however, in some 
patients who have had hypertension for 
protracted periods the decline in pressure may 
be slight or absent. 

All patients receive careful instruction in 
steroid replacement. All the patients who have 
had adenomas have been weaned from steroids. 
Totally adrenalectomized patients require per- 
manent steroid therapy. The usual dose is 25 
to 50 mg. of cortisone and 0.125 to 0.250 mg. of 
9 alpha-fluorohydrocortisone per day. These 
persons are told of the premonitory signs of 
infection and adrenal insufficiency so that they 
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Fic. 5. Photomicrograph showing benign adenoma in 
upper portion which is compressing normal cortical 
tissue in lower portion. 


will seek prompt medical aid. Totally adrenalec- 
tomized patients have undergone major surgery 
and full term pregnancies without unusual 
hardship. During periods of stress of any type, 
drug replacement is equivalent to that given 
during the immediate postoperative period. 


PATHOLOGY 


A significant number of patients showed gross 
nodular hyperplasia. In addition, there were 
those in whom the weight of the adrenal glands 
was not increased but who showed definite 
microscopic abnormalities. There were in- 
creased numbers of cells and deposits of lipid 
in the cytoplasm. Other patients who un- 
equivocally had Cushing’s syndrome had nor- 
mal adrenal glands. This seems to emphasize 
that the pathology frequently is important only 
in relation to the functional state of the glands. 
The exact results are tabulated in Table 1. 
Adenomas were present in eight patients who 
usually showed atrophy of the adjacent adrenal 
tissue. (Fig. 5.) 

Only one patient had an adrenal cortical 
carcinoma, a lower incidence than is reported in 
most series [19,24]. This was a twenty-eight 
year old woman who exhibited the usual 
stigmata of the syndrome. Preoperative studies 
showed the right kidney to be depressed, and 
exploration was performed on this side. A large, 
apparently encapsulated tumor was found and 
totally removed. There were no obvious 


metastases. Microscopic study revealed a very 
anaplastic carcinoma. Initially, the woman had 
a remission of her symptoms and signs, but 
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TABLE I 
PATHOLOGY 
No. of Cases 

Adrenal hyperplasia.................. 31* 
Adrenal I 
Pituitary adenomas: 


*In this group are included patients whose glands 
were grossly and histologically normal. 


within three to four months cushingoid features 
began to reappear. The patient died from 
metastases to the lungs and liver within eight 
months after surgery. 

Pituitary adenomas have been found in four 
patients [29]. The first patient was treated be- 
fore the era of steroid replacement and he died 
from his disease. The second case is a most 
unusual one. The patient, a forty-six year old 
Negro woman, had the characteristics of both 
acromegaly and Cushing’s syndrome. She 
entered the hospital in 1949 with failing vision. 
Chemical determinations supported both diag- 
noses. Surgery was performed on the cranium 
and a tumor with mixed types of cells was 
partially removed. The patient did extremely 
well for one month and showed a definite 
return of vision. She then fell and had a 
convulsion. A second operation was performed 
and a large subdural and cortical abscess was 
drained. Vigorous antibiotic therapy was given, 
but she died from the abscess and damage to the 
brain. At postmortem examination the rem- 
nants of the mixed pituitary tumor were found. 
Both adrenal glands were markedly hyper- 
plastic and weighed a total of 21.0 gm. As far as 
we can determine, this is the only case en- 
countered in which both entities were present 
in the same patient. This case was previously 
reported by McCormick et al. [14]. The remain- 
ing two patients with pituitary tumors have 
been cured. One was a sixteen year old girl who 
had undergone bilateral subtotal adrenalectomy 
for hyperplasia four years previously. The 
initial response had been good, but the over-all 
result had been marred by transverse myelitis 
and paraplegia secondary to a compression 
fracture in the upper lumbar area. This patient 
had the sudden onset of visual loss in the 


mporal fields and was operated upon because 
diagnosis of hemorrhage into a pituitary 
mor had been made. A basophilic tumor was 
btotally removed and she recovered from her 
sual field defect. The other case is that of a 
urteen year old boy, treated within the last 
‘ar, who displayed cushingoid features and 
perienced failing eyesight with headaches. 
th the 17-hydroxycorticoids and 17-keto- 
eroids were elevated. Extirpation of a 
tuitary chromophobe tumor caused a tem- 
rary drop in the steroid levels, but when they 
‘came elevated again in several months, bi- 
teral adrenalectomy was performed. His 
nurse has been satisfactory to the present 
me [27]. 


RESULTS (TABLE I!) 


In the present series there were thirty-six 
emales and four males. The age of the patients 
ranged from twelve to fifty-two years at the time 
f diagnosis. In all cases the diagnosis was 
established either by surgical exploration or 
postmortem study. As was previously noted, 
some patients in the earlier part of the series 
were not treated in what we would now consider 
the best fashion. Two patients presented them- 
selves prior to the era of steroid replacement 
and both died from their disease. One had a 
basophilic tumor and the other, an adenoma of 
the right adrenal. In the era of steroid therapy, 
thirty-eight patients have received some form of 
surgical treatment. Of these, twenty-three were 
subjected either to total or bilateral subtotal 
adrenalectomy. In two patients total bilateral 
adrenalectomy was performed for a unilateral 
adenoma. Six patients had ablation of a uni- 
lateral benign tumor, and one patient had a 
malignant tumor excised. In one young boy a 
bilateral biopsy was performed early in the 
study, and he then had a spontaneous remission 
which has lasted eight years. Three patients 
vho refused total adrenalectomy were treated 
by the removal of only one gland. One of these 
was also treated with pituitary radiation and 
ipparently has had a remission. Pituitary 
urgery was performed in four instances; three 
ire recorded herein in the section on pathology. 
Che last patient had undergone previous sub- 
otal extirpation in another hospital. She 
uffered a recurrence and her physicians 
‘ecommended hypophysectomy. This was per- 
ormed and the results have been good to date. 
[he removed pituitary was histologically nor- 


Adrenalectomy for Cushing’s Syndrome 


455 


TABLE 1 
RESULTS 
Result No. of Cases 


mal. In the entire series there have been five 
deaths. These are summarized in Table m1. 
There were thirty-two good results. These pa- 
tients recovered from surgery and lead a more or 
less normal life, but several of them have 
persistent emotional difficulties which prevent 
them from working full time or from taking 
complete care of their homes. The totally 
adrenalectomized patients are maintained on 
steroid replacement. One case is listed as a fair 
result because, although the patient is cured of 
her hypercorticism, she is permanently dis- 
abled due to paraplegia. There is one poor 
result in a patient who underwent unilateral 
adrenalectomy. She complains of constant 
weakness and lassitude and is not doing her 
ordinary tasks. The results of her chemical tests 
are equivocal and at the present time she is 
hospitalized undergoing further evaluation. 
One patient, who was lost to follow up, had 
unilateral ablation; postoperatively her emo- 
tional instability worsened and she is now being 
treated in a mental institution. 


COMMENTS 


In most diseases the management is related 
to an understanding of the etiology. In Cush- 
ing’s syndrome this is only partly possible. It 
has been demonstrated that pituitary radiation 
will occasionally bring about long term remis- 
sion and apparent cure. However, this does not 
occur in the majority of cases. As previously 
mentioned, the cause of glucocorticoid over- 
production is still uncertain, and in effect we 
may be treating the disease by excising the over- 
stimulated end organ. This is very similar to the 
treatment of hyperthyroidism. Nonetheless, it 
has been well established that adequate surgical 
ablation of the overactive cortical tissue is 
effectual in the correction of the conditior. 

The question of whether subtotal or total 
adrenalectomy is preferable is still contro- 
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TABLE III 
DEATHS: 


Patient, Age (yr.) and Sex — ~~ | 


A. L. B. (NYH 309 441), 59, M. Heart failure, | No 
electrolyte 
imbalance 

Electrolyte No 
imblance 


B.A. 397724), 63, 


Intracerebral | Yes 
abscess with | 
damage to 
brain 

Metastatic Yes 
cortical car- | 
cinoma of | 
lungs and 
liver, elec- 
trolyte im- 
balance 

..| Intracerebral | Yes 

hemorrhage, | 

myocardial 
infarct 


A. R. (NYH 554 393), 46, F..... 


G. G. (NYH 791 925), 28, F..... 


I. B. (NYH 769 449), 33, F. 


| Opera- 


tion 


| 

| Time of Death 

| (mo. post- 
operatively) 


Autopsy Findings 


Basophilic adenoma, marked 
| arteriosclerosis and arteriosclerotic 
| heart disease 
| Adenoma of right adrenal gland, 
| normal pituitary, marked arterio- 
sclerosis, osteoporosis 
I | Mixed basophilic-eosinophilic tumor 
| of pituitary gland, marked nodular 
| hyperplasia of adrenal gland 
| (weight 21 gm.) 
8 | Widespread metastases, normal 


pituitary (histologically) 


15 Cerebral hemorrhage, myocardial 
infarct, marked arteriosclerosis, 
normal pituitary (histologically) 


versial. Certain surgeons, among them Allen [1], 
Cope [3] and Walters [27] in this country and 
Montgomery [17] in England, favor leaving 
some tissue intact in patients with bilateral 
hyperplasia. Among their reasons for this are 
the multiplicity of steroids produced by the 
adrenal glands and the difficulty in providing 
full replacement therapy. They admit that on 
occasion reoperation is necessary, sometimes 
even two or three times. It is the policy of this 
clinic to remove totally the glands in question. 
It is believed that hormonal overproduction can 
produce serious permanent changes in the body 
and that recurrence would only make these 
changes more damaging. A case in point is that 
of a thirty-three year old woman who under- 
went total adrenal ablation for hypercorticism. 
Following this she had one full term pregnancy 
without unusual hardship. Fifteen months after 
surgery she died of a massive cerebral hemor- 
rhage. In addition, a recent myocardial infarct 
was noted at autopsy. The vessels in this young 
woman exhibited arteriosclerotic changes far 
beyond those that would be expected for her 
years. In this case curative surgery did not 
cause a reversal in the lethal changes that had 
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already occurred in her vascular tree. The 
management of the iatrogenic adrenal in- 
sufficiency has not been as much of a problem as 
have been the potentially serious consequences. 


SUMMARY 


1. During a twenty-six-year period forty 
patients with proved Cushing’s disease have 
been treated at The New York Hospital- 
Cornell Medical Center. 

2. Thirty-eight patients recetved some form 
of surgical therapy. There were no operative 
deaths. 

3. Two patients treated prior to 1948 died 
without surgery. Since 1948, three patients 
have died: one from metastatic cortical carci- 
noma, one from cerbral hemorrhage and one 
from a brain abscess. 

4. In the series there were thirty-one patients 
with cortical hyperplasia, eight with cortical 
adenomas and one with cortical carcinoma. 

5. Bilateral total adrenalectomy in one stage 
seems to provide the best results in these 
patients. 

6. The management of iatrogenic Addison’s 
disease has not been a difficult problem. 


| 
| 
|_| 
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are functionally active 
chromaffin tumors which may be located in 
the adrenal medulla or in other locations where 
sympathetic ganglia or chromaffin tissue are 
known to exist. Frankel [4] in 1886 reported the 
first case of pheochromocytoma associated with 
hypertension. Manasse [9] reported a case of 
pheochromocytoma in 1893, and in 1896 [ro] 
demonstrated, in another case, the chromaffin 
reaction of the cells comprising the tumor. 
Kohn [6] in 1902 described the widespread sites 
at which chromaffin tissue could be found in the 
body. Pick [14] in 1912 suggested naming the 
tumor for the predominant cell type, the 
pheochromocyte. In 1922 Labbé, Tinel and 
Doumer [7] first described the occurrence of 
typical paroxysmal attacks of hypertension 
associated with vasomotor phenomena in a 
twenty-eight year old woman who was found to 
have a pheochromocytoma at postmortem 
examination. The first pheochromocytoma to 
be removed at operation was the case of Masson 
and Martin [11] in 1923, but the patient died. 
The first clinical diagnosis was made in 1926 by 
Vaquez and Donzelot [79], and this patient was 
subsequently treated with x-ray therapy to 
both adrenal regions by Laubry [8]. In 1926 
Roux [17] in France, and in 1927 Mayo [12] in 
the United States performed successful re- 
movals of pheochromocytomas from patients 
with paroxysmal hypertension but without 
preoperative diagnoses, and noted a cessation 
of attacks. Pincoffs [15] in 1929 made the first 
correct preoperative diagnosis of pheochro- 
mocytoma. The tumor was successfully re- 
moved by Shipley [78]. In 1938 Binger and 
Craig [2], and Palmer and Castleman [73] 
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reported the existence of pheochromocytomas 
in patients with sustained hypertension. 

Rabin [16] in 1929 demonstrated that a 
pheochromocytoma contained “epinephrine”’ 
or a related pressor agent in amounts greater 
than that seen in the normal adrenal medulla, 
and suggested that this was the cause of the 
associated symptoms. Beer, King and Prinz- 
metal [1] in 1937 demonstrated the presence of 
a pressor agent, assumed to be epinephrine, in 
the blood of a patient with a pheochromocy- 
toma during a hypertensive crisis. von Euler [3] 
in 1946 demonstrated the presence of nor- 
epinephrine in adrenergic nerve fibers, and 
Holtz, Credner and Kroneberg [183] in 1947 
showed that the adrenal medulla contained nor- 
epinephrine as well as epinephrine. In 1940 
Holton [182] reported the occurrence of nor- 
epinephrine in pheochromocytomas. Engel and 
von Euler [155] in 1950 showed that large 
amounts of norepinephrine were secreted in the 
urine of two patients subsequently proved to 
have pheochromocytomas. In one, there was 
also an incréased output of epinephrine. Lund 
[186] in 1952 demonstrated elevated blood 
levels of catechol amines in patients with 
pheochromocytomas. 

In 1949 Goldenberg et al. [5] first used nor- 
epinephrine as a pressor agent in the treatment 
of acute hypotension. 


PHYSIOLOGY, BIOCHEMISTRY AND ANATOMY 
OF CHROMAFFIN TISSUE 


Three catechol amines are found in human 
tissues—epinephrine, norepinephrine and dopa- 
mine. These compounds are found in the 
chromaffin cells of the sympathetic nervous 
system which include, in the adult, the adrenal 
medulla, aberrant tissue along the sympathetic 
chain and the paraganglia. They are also pres- 
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‘nt in the central nervous system, and nor- 
pinephrine and dopamine are found at the 
ndings of the postganglionic fibers of the 
ympathetic system. Dopamine is also found in 
everal other tissues, notably the kidney, liver 
nd lung, where it apparently has no endocrine 
unction. 

The cells of the sympathetic nervous system 

nd the related chromaffin cells take origin 
mbryologically from the neural crest as 
rimoridal sympathetic ganglion cells which 
iigrate out of the central nervous system to 
ccupy a place behind the aorta. The sympa- 
hetic chains develop from these primordia as do 
he chromaffin cells. In the embryo the 
hromaffin cells have a wide distribution in the 
drenal medulla, the sympathetic ganglia, the 
varaganglia which lie along the sympathetic 
hain and the organs of Zuckerkandl, which 
are paraganglia lying along the abdominal 
aorta with particular concentration in the 
region of the inferior mesenteric artery. The 
organs of Zuckerkandl usually degenerate 
shortly after birth [44]. The fetal adrenal 
[34,43] and the organs of Zuckerkandl [43,44] 
contain norepinephrine only, epinephrine [41, 
44] appearing sometime after birth. 

In the adult the great majority of chromaffin 
cells are concentrated in the adrenal medulla, 
although small collections of chromaffin cells 
can be found along the aorta, particularly in the 
remnants of the organs of Zuckerkandl, in the 
walls of blood vessels and scattered through 
various organs, especially the heart, prostate 
and ovary [168]. Aberrant collections of 
chromaffin tissue may persist in the adult, and 
may be the site for the development of a 
pheochromocytoma. 

It seems quite probable, on the basis of 
recently accumulated evidence, that the pro- 
duction of epinephrine in the adrenal medulla 
proceeds along the following lines: tyrosine 
dopa— dopamine— norepinephrine— epineph- 
rine (as illustrated in Figure 1). The evi- 
dence leading up to the formation of this 
concept has recently been reviewed by Blaschko 
146] and Holtz [35]. Norepinephrine is the 
immediate precusor of epinephrine [23,24] and 
thus has a dual role, as a hormone and as an 
intermediate in epinephrine production. It has 
been stated by Erinké [28,29] and by Hillarp 
and Hékfelt [33] that there are two cell types in 
the adrenal medulla, one for storing epi- 
nephrine and one for storing norepinephrine. It 
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Fic. 1. The main pathway for the formation of epi- 
nephrine (after Blaschko [146] and others). 


has been suggested by Blaschko [146] that only 
one of these cell types may contain the methyl- 
ating mechanism, thus giving rise to epi- 
nephrine, while the mechanism for this process 
may be absent in the other cells which therefore 
produce norepinephrine. There is no definite 
evidence for this hypothesis, however. 

Whether dopamine, the third catechol amine, 
acts only as a precursor of epinephrine or has in 
addition some function of its own has not yet 
been established [746]. 

Whereas a mechanism exists in the adrenal 
medulla for the methylation of norepinephrine 
and the consequent production of epinephrine, 
this mechanism appears to be almost completely 
lacking in sympathetic ganglia and nerves [31, 
40], so that principally norepinephrine (and 
dopamine) are found in these locations. This 
would account for the observation that while 
norepinephrine is present in normal amounts in 
the urine of patients who have undergone bi- 
lateral adrenalectomy, epinephrine is reduced 
[164,176]. The epinephrine still present is 
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presumed to come from chromaffin cells pres- 
ent in various organs [168]. It has recently been 
claimed that chromaffin cells situated in the 
walls of blood vessels can, over a period of time, 
produce increasing amounts of epinephrine as 
well as norepinephrine, so that whereas the 
urine of patients who have undergone bilateral 
adrenalectomy is practically devoid of epi- 
nephrine in the early postoperative period, it 
contains normal amounts of epinephrine from 
six months to three years later [39]. 

All three catechol amines are found in the 
adrenal medulla, dopamine being present only 
in traces, while epinephrine and norepinephrine 
are usually present in amounts of 5 to 10 mg. 
per gram of tissue [25,26]. 

Only 1 to 4 per cent of intravenous injections 
of epinephrine and norepinephrine are excreted 
in the urine in normal [30] or adrenalectomized 
[27] human subjects. Epinephrine and _ nor- 
epinephrine are normally metabolized by a 
combination of o-methylation and oxidative 
deamination to yield: (1) VMA(3-methoxy-4- 
hydroxymandelic acid), (2) metanephrine and 
normetanephrine (3-methoxy analogues of the 
amines) and (3) 3,4-dihydroxymandelic acid. 
M_2recent studies by LaBrosse et al. [37] and 
Kirshner et al. [36] show that after intravenous 
injections of radioactive epinephrine to human 
subjects, approximately 50 per cent of the 
radioactivity appears in the urine as meta- 
nephrine (free and conjugated) and 35 per cent 
as VMA. 

Recent articles review the present status of 
the measurement of urinary metabolites of 
epinephrine and norepinephrine [21,22, 32, 35-38, 
42,45]. 

Results to date may be summarized as fol- 
lows: Normetanephrine was found in each of 
four pheochromocytomas [42]. Armstrong et al. 
[20] studied adults and three patients with 
pheochromocytomas. They found the normal 
level of VMA excretion to be about 1.5 to 
3.0 mg. per day. The values for the three pa- 
tients with pheochromocytomas were 90, 23 
and 12 mg. per day, respectively, preopera- 
tively, dropping to normal levels postopera- 
tively. LaBrosse et al. [38] reported on two 
patients with pheochromocytomas who were 
excreting about 20 mg. of VMA per day plus 
10 to 15 mg. of normetanephrine (free plus 
glucuronide) at a time when the norepinephrine 
excretion was about 2 mg. per day. 

Since such a relatively small quantity of the 
epinephrine and norepinephrine produced by 
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the body actually appears in the urine in this 
form, it is important to develop methods for 
measuring the metabolites of these substances 
which are present in much larger amounts than 
the parent amines. This should make the 
diagnosis of pheochromocytoma even more 
accurate than it now is. Armstrong and Mc- 
Millan [21] showed that in patients receiving 
norepinephrine infusions, about 30 per cent of 
the administered norepinephrine was recovered 
in the urine as VMA. The same authors ob- 
tained urinary values for VMA excretion in 
eight patients with pheochromocytomas before 
and after surgery. The normal range of VMA 
excretion was established to be 1.5 to 3.5 ug. 
per milligram of creatinine. Before surgery the 
patients excreted 90, 31, 23, 19, 12, 11, and 
9 ug. of VMA per ug. of creatinine. Post- 
operative values were obtained in six of the 
eight patients, and five values were below the 
preoperative levels. In three patients, however, 
they had not quite fallen to the stated norma! 
range. It does appear possible that some over- 
lap may exist between the amounts found in 
some patients with pheochromocytomas and 
those seen in some seriously ill patients. 
Axelrod [22] found that after an injection of 
radioactive epinephrine in man, 55 per cent of 
the radioactivity was recovered in the urine as 
metanephrine (free and conjugated) and 35 pen 
cent as VMA. In 1959 Goodall [32] infused 
radioactive epinephrine and norepinephrine 
into twelve healthy males, and found that 73 
per cent of the radioactivity was recovered after 
infusion of the epinephrine and 67 per cent after 
infusion of norepinephrine. After the infusion 
of epinephrine, 4 per cent was recovered as 
epinephrine, 47 per cent as metanephrine (free 
and conjugated), 27 per cent as VMA and 12 
per cent as 3-4 dihydroxymandelic acid plus an 
unidentified compound. Following the infusion 
of norepinephrine, 4 per cent was recovered as 
norepinephrine, 22 per cent as normetanephrine 
(free and conjugated), 32 per cent as VMA, 
II per cent as 3-4 dihydroxymandelic acid and 
13 per cent as unidentified compounds. 


INCIDENCE 


The incidence of pheochromocytoma in 
autopsy cases was reported by Minno et al. [52] 
in 1955. These authors found that in 15,984 con- 
secutive autopsies performed at the Mayo Clinic 
from 1928 to 1951, there were fifteen pheochro- 
mocytomas, an incidence of 1 per 1,000 au- 
topsies. Of the fifteen pheochromocytomas, one 
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vas malignant with metastases, and eleven were 
issociated with hypertension which was sus- 
ained in nine patients and paroxysmal in two. 
hree of the patients had benign pheochromo- 
ytomas without symptoms. Only three of the 
fteen cases had been suspected. One was bi- 
iteral, and one was associated with neuro- 
bromatosis. Blacklock et al. [47] found no 
ases in 2,994 autopsies; Berkheiser and 
Xappoport [259] found five pheochromocy- 
omas in 2,012 autopsies. 

Smithwick et al. [104] in 1950, quoted by 
sxraham [49] in 1951, found eight unsuspected 
vheochromocytomas in the course of 1,700 
planchnicectomies performed for hypertension, 
in incidence of 0.47 per cent. In three additional 
ases a diagnosis was made preoperatively. On 
the basis of this observation, Graham [49] 
suggests that there should be 600 to 800 new 
cases a year in the United States. Kvale et al. 
50] in 1954 reported the incidence of pheo- 
chromocytoma to be 2 per cent in goo patients 
studied because of hypertension or various 
types of attacks. In 1956 Kvale et al. [51] 
reported the discovery of fifty-one patients 
with pheochromocytomas in 7,993 patients 
screened with pharamacologic tests and blood 
catechol amines for hypertension, an incidence 
of 0.64 per cent. In our own series we have 
screened 317 hypertensive patients with urinary 
catechol amines and have found one pheo- 
chromocytoma, not counting those patients 
from other hospitals whose catechol amines 
we have determined. This is an incidence of 
0.32 per cent. Freedman et al. [48] studied 
1,110 diabetic patients, from whom they 
selected 144 who also had hypertension, un- 
explained “attacks,” thyrotoxicosis or com- 
binations of these findings. They screened this 
group of 144 patients with Moulton and 
Willoughby’s [192] cat test for pressor amines 
and found two whom they believed had pheo- 
chromocytomas. The diagnosis was not estab- 
lished in either case. Among other patients with 
an established diagnosis of pheochromocytoma, 
they had four with glycosuria, of whom two had 
severe diabetes. 

Barbeau [46] in 1957 reviewed the world 

literature up to January 1, 1957, and found 626 
cases of pheochromocytoma. 


SYMPTOMS AND SIGNS 


The hypertension associated with a pheo- 
chromocytoma may be paroxysmal, persistent 


or absent. While Cahill [84] and Kvale [93,94] 
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TABLE I 
SYMPTOMS, SIGNS AND DIAGNOSIS OF 
PHEOCHROMOCYTOMA IN CHILDREN* 


Hypertension: 
Sustained, 64 cases 
Paroxysmal, 5 cases 
Normal between attacks, 1 case (not determined during attack) 
Of 64 sustained, 1 previously had paraxysmal hypertension and 
14 had further elevation with attacks 


Per 

Symptoms: No. cent 
Nausea and vomiting..................... 40 56 
Abdominal pain............. 25 35 
Nervousness, palpitation..................| 24 34 
Puffy, red, cyanotic hands.................| 8 11 

Signs: 

Eyeground changes................. 51 of 66| 77 
Basal metabolic rate over +20%..... 19 of 23| 83 
Fasting blood sugar over 120 mg. %.. 6o0f 15| 40 

1.4 


Diagnosis: 
Catechol amines: 
Urine ug./24 hr. 
1,800 (300-8, 500) 


Plasma norepinephrine yg./L. 
31 (6.1-65) 

Intravenous pyelogram, 25 negative; 11 positive 

Presacral air pyelogram; 12 negative; 14 positive 

Calcified tumor on x-ray film, 4 cases 

Aortogram, I positive; 1 negative 

17-Ketosteroids, normal in 4 of 4 

17-Hydorxycorticosteroids, normal in 3 of 3 


* Based on 71 cases with adequate information, unless other- 
wise indicated. 


report that 50 per cent of their patients showed 
paroxysmal hypertension, Goldenberg et al. 
[91] and Smithwick et al. [104] have found only 
25 per cent to be paroxysmal, and Green [92] 
found that only 30 per cent of a small series of 
reported cases fell in this category. In our own 
series of seventeen cases in which the blood 
pressure was recorded, hypertension was sus- 
tained in eleven patients, paroxysmal in three 
(21 per cent) and absent in three. In children 
we found that only 8 per cent of all reported 
cases were paroxysmal. 

The symptoms may occur in typical par- 
oxysms or attacks and consist of severe head- 
ache, palpitation, nausea and vomiting, epi- 
gastric or substernal pain, profuse sweating, 
dyspnea, vertigo, pallor, apprehension or fear of 
impending death, and visual difficulties, in that 
order. The symptoms in children are somewhat 
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1949 [214]. 


P = Paroxysmal. 
S = Sustained. 
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different, sweating and visual complaints being 
more common, and are listed in Table 1. There 
is usually an accompanying tachycardia and a 
marked rise in blood pressure which may lead to 
heart failure, shock or cerebrovascular accident. 
There may be blanching or flushing of the face, 
dilatation of the pupils, precordial pain, 
convulsion, tingling of the extremities, prostra- 
tion and various autonomic vascular phenom- 
ena. Many other symptoms have occasionally 
been seen [49,85,87]. The attacks may last from 
a few moments to many hours, and they may 
occur several times a day or only once every 
year or two. They are not infrequently pre- 
cipitated by emotional upsets, changes in 
posture, intercourse, physical effort, trauma, 
sneezing, eating and urination. The attack often 
ends with profuse diaphoresis and a feeling of 
fatigue or even prostration. Frequently they 
are accompanied by a rise in blood sugar, body 
temperature, and blood and urinary catechol 
amines. The skin of the extremities may become 
cold, clammy, wet, mottled, red and cyanotic. 
Sometimes swelling of the thyroid is seen during 
an attack [80,81,105,179]. Constipation, weight 
loss, tremor or hot flushes may be present. The 
first sign to occur may be sudden death 
[63], or the patient may have symptoms as long 
as thirty-two years [83] or more. The attacks 
may be present for several years and then dis- 
appear altogether for several years, only to 
return again [96]. In patients who have par- 
oxysmal attacks at first, sustained hyperten- 
sion may develop, or they may continue to have 
paroxysmal attacks only for many years. 
(Table 11.) If the hypertension is sustained, 
very advanced hypertensive retinopathy may 
develop. 

Aronow [79] has suggested classifying pa- 
tients into the following four categories: (1) 
Symptom-free patients in whom a tumor is dis- 
covered as an accidental or incidental finding 
at operation, autopsy or by x-ray examination. 
(2) Symptom-free patients who die suddenly 
after some slight trauma or operative pro- 
ceedure and are found at autospy to have had 
pheochromocytomas. (3) Patients who present 
the typical adrenal sympathetic attacks with 
signs and symptoms of excess epinephrine or 
norepinephrine secretion. (4) Patients in whom 
continuous hypertension cannot be distin- 
guished clinically from essential or malignant 
hypertension. To these we might add the 
following: (5) Patients who have been treated 
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TABLE II 
FIFTY CASES FROM THE MAYO CLINIC (KVALE ET AL. [93]) 


Data Paroxysmal (26) 


| 
| 
| 
| 
| 


| Normal between attacks 
Severe headache (25 cases) 


Blood pressure......... 
Chief complaint........ 
Frequency of attacks... 


(25 cases) 


pt ee .| 44 (range 26-50); older than persistent 
cases 
Woteht........... .| Usually thin, 134 Ib. (range, 106-192) 


Fasting blood sugar... .| Elevated (11 of 25 cases) 
Basal metabolic rate....| Elevated (5 of 25 cases) 
Intravenous pyelogram.} Mass (7 of 26 cases) 
eS eee Present in 7 of 26 cases 
Tumor................| Right, 19; left, 5; bilateral, 2 
Malignant. 1 of 26 cases 


Every 25 times a day to once in 3 mo. 


Persistent (24) 


Always elevated (10 of 24 cases); attacks also 
May have secondary cardiovascular effects 


35 (range, 12-67) 


Always thin, 122 Ib. (range 90-169) 

Elevated (10 of 17 cases) 

Elevated (16 of 21 cases; below 10 in only 3) 
Mass (4 of 24 cases; wrong side once) 

None 

Right 13; left, 5; multiple, 2; extra-adrenal, 6 
7 of 24 cases; metastatic in 3 


as diabetics and who may or may not have 
hypertension with or without any sort of 
an attack. (6) Patients who have headaches, 
fever and nausea, or the metabolic changes of a 
pheochromocytoma, without either sustained 
or paroxysmal hypertension [53-57]. (7) Pa- 
tients who present with a picture of hyper- 
thyroidism, particularly if the elevated basal 
metabolic rate fails to repond to the usual treat- 
ment, the cholesterol, protein-bound iodine and 
radioactive iodine uptake are normal, and the 
patient has hypertension. (8) Patients who have 
a marked unexplained hypertensive reaction 
during the course of an operative precedure or 
with the induction of anesthesia. (9g) Patients 
with unexplained shock during anesthesia, 
operation or following minor trauma [47,58-63, 
265,294,356,359]. This may also occur as a 
consequence of hemorrhage into the pheo- 
chromocytoma [95,217]. (10) Patients who have 
cardiac arrest with the induction of anesthesia 
or the beginning of the operation. (11) Patients 
whose symptoms simulate an acute anxiety 
attack [64,65]. 

It should be borne in mind that there are 
other conditions which will produce paroxysms 
of hypertension not unlike those seen with a 
pheochromocytoma. These include angina pec- 
toris, anxiety states, eclampsia, hysteria, 
migraine, neuroses, periarteritis nodosa, thyroid 
crisis, toxemia, tumors of the brain and 


diencephalic epilepsy. 

Gastrointestinal hemorrhage [98,99] and in- 
farction of the ileum [233] have been seen with 
pheochromocytomas, probably as a _ conse- 
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quence of vascular changes due to the intense 
vasoconstriction. 

Normal patients secrete more catechol 
amines when standing than they do when 
reclining [102,167]. Patients with pheochromo- 
cytomas often manifest a postural hypotension 
when standing [216,231,263,267,301,325,347| 
and become more hypertensive when lying 
down. This observation has led Smithwick et al. 
[104] to suggest postural hypotension as a 
differential point in distinguishing pheochro- 
mocytoma from essential hypertension. In some 
patients with pheochromocytoma, hypotension 
develops when they are lying down [220,274]. 

The basal metabolic rate is commonly high in 
pheochromocytoma [103], having been found 
elevated in 50 per cent of the cases in which it 
was recorded [49,903,904]. Kvale et al. [93] 
(Table 111) found it to be elevated in only one- 
fifth of their patients with paroxysmal hyper- 
tension, and in three-fourths of patients with 
persistent hypertension. The basal metabolic 
rate was elevated in six of eight patients in 
whom it was recorded in our series. In children, 
who have largely sustained hypertension and 
whose tumors are largely norepinephrine- 
secreting, the basal metabolic rate was elevated 
in 83 per cent of those in whom it was re- 
corded. (Table 1.) The cholesterol, protein- 
bound iodine and radioactive iodine uptake are 
usually normal, even though the basal meta- 
bolic rate may reach very high levels. Thyroid- 
ectomies have been performed mistakenly in 
patients with pheochromocytomas [101,356]. 

The fasting blood sugar was found to be 


vated in 41 per cent of patients in whom it 

s recorded [89], while it was elevated during 

attack in 74 per cent. Among 10 per cent of 

e patients with frank diabetes six of eight 

re relieved of their diabetes after removal of 

e pheochromocytoma [49]; other authors 

ve noted this also [82,86,97]. Kvale et al. 

3] found the fasting blood sugar elevated 

50 per cent of the patients in their series, with 

slightly greater number of elevations in those 

ith sustained hypertension. The fasting blood 
igar was elevated in eleven of thirteen patients 

whom it was recorded in our series. In 
iildren the fasting blood sugar was elevated in 

) per cent of cases. Freedman et al. [48] point 
ut that diabetic patients should be suspected of 

.ving pheochromocytomas when they have: 
1) symptoms of thyrotoxicosis and a normal 
idioactive iodine uptake; (2) hypertension 
between the ages of twenty to fifty years; 
\ypertension is rare in the diabetic patient 
under age forty); and (3) “attacks” or anxiety. 

It is sometimes suggested that when meta- 
bolic disturbances are a prominent feature in 
pheochromocytomas the tumor is secreting 
largely epinephrine, while if the patient has 
hypertension with few if any metabolic symp- 
toms the secretion is largely norepinephrine. 
his is often not the case, however. All pheo- 
chromocytomas secrete large amounts of nor- 
epinephrine and only a few secrete, in addition, 
large amounts of epinephrine. Whether or not 
metabolic changes occur depends principally on 
how constant, or intermittent, the secretion is, 
and what rate of secretion is achieved. In 
children, for example, who have a 92 per cent 
incidence of sustained hypertension and who 
secrete largely norepinephrine, there is an 
83 per cent incidence of an elevated basal 
metabolic rate and a 40 per cent incidence of an 
elevated fasting blood sugar. (Table 1.) Kvale 
et al. [93] found a higher incidence of metabolic 
disturbances among patients with sustained 
hypertension than those with paroxysmal 
ittacks. (Table 11.) Hutchinson et al. [346] 
noted diabetes in nine of their thirteen patients, 
even of whom had sustained hypertension. 
Sometimes, however, metabolic changes can 
occur in the absence of hypertension. 

In 1950 Goldenberg and Aranow [go] first 
pointed out that there was no correlation be- 
tween the catechol amine content of the tumor 
ind the presence: of persistent or paroxysmal 
hypertension. In our experience we have had 
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two patients with paroxysmal hypertension; in 
one patient the tumor contained almost entirely 
norepinephrine and in the other, the tumor had 
large amounts of epinephrine in addition to 
norepinephrine. Of three patients with sus-. 
tained hypertension, the tumor contained 
almost all norepinephrine in two, while in the 
third, large amounts of epinephrine as well as 
norepinephrine were excreted in the urine. 

Kvale et al. [57] state ‘We have yet to see an 
obese patient with pheochromocytoma.” Priest- 
ley [362] states that patients with pheochro- 
mocytoma are “invariably thin.” In their 
paper [93], however, they record a patient 
weighing 192 pounds. (Table 11.) Graham [49] 
records a 4 per cent incidence of obesity in 
pheochromocytoma, but does not differentiate 
between sustained and paroxysmal hyperten- 
sion. Two of our twenty-one patients were obese, 
weighing 200 and 210 pounds, respectively; the 
latter patient had a fifteen-year history. Both 
had paroxysmal hypertension, however. The 
heaviest patient we have had with sustained 
hypertension weighed 160 pounds, while the 
heaviest patient in the series of Kvale et al. [93] 
weighed 169 pounds. Certainly the majority of 
patients tend to be thin, particularly those with 
sustained hypertension. 

Age. Pheochromocytomas have been re- 
ported in persons from five months [295] to 
eighty-one [100] and eighty-two [88] years of 
age. The maximum incidence is in persons be- 
tween the ages of twenty and fifty years. 

Sex. There appears to be no special sex 
differential, pheochromocytomas appearing in 
females in 54 per cent of unselected cases [49], 
and in males in 63 per cent of cases occurring in 
children. (Table tv.) 

Adrenocortical Activity. Several authors 
have reported decreased levels of urinary 
17-ketosteroid excretion with pheochromocy- 
toma [67-60,73,74,76] and others, normal 
levels [77]. Dahl-Iversen [151] measured uri- 
nary 17-ketosteroid excretion in thirteen pa- 
tients with pheochromocytoma, and found it to 
be reduced in nine and normal in four. He also 
measured 17-hydroxycorticosteroid excretion in 
eight patients and found it to be normal in all 
eight. A subnormal response to ACTH of both 
17-ketosteroids and 17-hydroxycorticosteroids 
has been reported [67,73], and a return of 
17-ketosteroid excretion to normal levels after 
removal of the pheochromocytoma has oc- 
curred [73]. The 17-ketosteroids were normal in 


TABLE IV 
PHEOCHROMOCYTOMA IN CHILDREN 


Total number of cases: 85 (full information not given 
for all) 
Age when diagnosed: Average 9.8 yr. (5 mo.—16 yr.) 
Duration of symptoms: Average, 114 yr. (2 wk-9 yr.) 
(48 cases) 
Age at onset of symptoms: Average 8.6 yr. (1 mo.-14 
yr., 9 mo.) (58 cases) 
Sex: Males, 52; females, 31 (63% males) 
Diagnosis: At autopsy, 18; clinical, 60; blocking agents, 
45; catechol amines, 25 
Race: Negro, 7; Mexican, 1 
Location of tumor (76 cases): 
Right adrenal, 25 
Left adrenal, 11 
Bilateral, 15 
Bilateral plus extra-adrenal, 3 
Right side, extra-adrenal, 1 
Left side, extra-adrenal, 6 
Multiple, right side, 2 
Multiple, left side, 1 
Right adrenal plus extra-adrenal, 4 
Left adrenal plus extra-adrenal, 3 
Multiple extra-adrenal, 1 
Intrathoracic, 1 
Aorta, 3 
Multiple or extra-adrenal location (76 cases): 
Bilateral 18 24% 
Extra-adrenal 


} 39% multiple 


15% 


54% 
Malignant by histology: 6; by invasion of the vein, 1 
Malignant with metastases: 2 of 85 (2.4%) 
Operated upon for pheochromocytoma: 


Over-all figures Since 1954 
Death related to operation.... 14 5 
Operative mortality.......... 22% 11.6% 


Causes of death in those operated upon since 1954: 
Peritonitis, 1 
Bilateral, second tumor not found, 3 
Shock, 1 
Died of metastases 6 mo. postoperatively, I 


the one patient (M. M.)-in our series in whom 
this test was made. Urinary 17-ketosteroids 
were normal in four of four children in whom 
this test was recorded. (Table 1.) 

Normal 17-hydroxycorticosteroid values in 
the blood were reported in patients with pheo- 
chromocytomas by von Euler et al. [165], and 
we found a normal response of blood cortico- 
steroids to operation in the one patient (J. L.) 
in whom this was measured in our series. Hardy 
et al. [241] reported a normal urinary 17-hy- 
droxycorticosteroid value in one patient. The 
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urinary 17-hydroxycorticosteroids were normal 
in three of three children tested. (Table 1.) 

Neff et al. [308] reported a case of adrenal 
virilism which regressed after a pheochromocy- 
toma was removed, and McGavack et al. [72] 
reported a case of malignant pheochromocy- 
toma which simulated adrenal cortical carci- 
noma. These remain bizarre cases for which 
there is no ready explanation. 

Volhard [78] reported a case in which atrophy 
of the adrenal cortex occurred on one side as a 
consequence of compression by a unilateral 
pheochromocytoma. This led to adrenocortical! 
hypertrophy on the other side. The hyper- 
trophic adrenal was mistakenly removed, lead- 
ing to a fatal result. Burak et al. [66] reported a 
case in which an adrenocortical adenoma simu- 
lated a pheochromocytoma. Hutchison et al. 
[346] mentioned a case of Cushing’s disease in 
which the surgically removed adrenal showed 
the presence of a pheochromocytoma and 
adrenal cortical hyperplasia. 

It appears that adrenal cortical activity, 
with respect to the glucocorticoids, is essen- 
tially always normal, despite the theoretic 
possibility that adrenocortical compression may 
occur with bilateral tumors, and the occasional 
report of a pheochromocytoma associated with 
Addison’s disease [71,75]. For some reason the 
adrenal andogen secretion is reduced in some 
cases. Equally mysterious is the finding that 
an infusion of cortisone will cause a decrease in 
norepinephrine secretion in the normal patient 
[70]. 


LOCATION OF TUMORS 


A predilection for the right adrenal is a 
constant finding. Thus, in unselected cases 
Graham [49] found ninety-two involving the 
right adrenal and seventy involving the left. 
(Table v.) Cahill [84] found seventy-two cases 
involving the right adrenal and forty-four, the 
left. Symington and Goodall [134] tound the 
following incidence: right, 48 per cent; left, 
33 per cent; bilateral, 9 per cent; multiple, 4 per 
cent; mediastinal, 1 per cent; and extra- 
adrenal, 5 per cent. This is more pronounced in 
children, in whom the right adrenal was 
involved twice as often as the left. (Table tv.) 
Graham [49] found that 9.2 per cent of the 
tumors were bilateral and an additional 1.5 per 
cent were multiple, a total of about 11 per cent 
multiple tumors. 

Barbeau et al. [106] reported an incidence for 
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cytoma 


CASES COLLECTED BY GRAHAM IN 1951 [49] 


ytal number of cases: 207 
ge: 5-72 yr; Majority, 20-50 yr.; Maximum, 40-50 yr. 
x: Males, 94; females, 112 (54% females) 
cation of tumors: 
Right adrenal, 92 
Left adrenal, 70 
Bilateral, 18 
Right side, extra-adrenal, 7 
Left side, extra-adrenal, 5 
Adrenal and extra-adrenal or other side, 1 
Multiple, 3 
Intrathoracic, 2 
Aorta, 8 
Celiac ganglion, 1 
\lultiple or extra-adrenal location (207 cases): 


No. Per cent 
43 21 

Basal metabolic rate elevated................... 22 0f 44 | 450 
Fasting blood sugar elevated................... 36 of 88 | 41 
Fasting blood sugar elevated during attack....... 20 of 27 74 


* Not counting intrathoracic. 


bilateral pheochromocytoma of 7.5 per cent in 
626 cases. By combining the reviews of Barbeau 
[46] and Barbeau et al. [106] and our own data 
on children, plus additional data on adult cases, 
we find (Table v1) that 9 per cent of all tumors 
(626) were bilateral. This is influenced by the 
fact that 24 per cent of the tumors in children 
are bilateral. Only 7 per cent were bilateral in 
the adult, and when the familial cases are 
excluded (one-half are bilateral), only 5.3 per 
cent are bilateral. Other reports of bilateral 
pheochromocytomas quoted elsewhere herein 
are listed in the references. 

Graham [49] found that 10 per cent of 
abdominal pheochromocytomas were extra- 
adrenal in location, and an additional 1 per cent 
were thoracic. They have been reported in the 
brain [84], neck [125], intrathoracic area [110, 
1 14-120,233,318], along the sympathetic chain, 
beneath the liver and vena cava [153], adjacent 
to the renal pedicle, along and on top of the 
aorta (in the organ of Zuckerkandl), in the 
urinary bladder [111,113,121,123,273] and else- 


where. Some recent articles on ectopic pheo- 
chromocytomas are cited [122,124]. The symp- 
toms of a pheochromocytoma, relieved by the 
first operation, have been known to recur with 
the development of a second tumor located 
some distance away from the first [125,126]. 


SIZE OF TUMORS 


Tumors range in size from tiny nodules up to 
3,165 [52] and 3,600 gm. [127]. In our own series 
the average weight was 100 gm. About 14 per 
cent are palpable [49]. They are, thus, usually 
large enough to be discovered by careful 
abdominal exploration, in contrast to insulin- 
omas which are often not palpable. 


MALIGNANT PHEOCHROMOCYTOMAS 


Many pheochromocytomas look malignant 
histologically, even to venous invasion, without 
any evidence of metastases later on. In 1951 
Graham [49] reported an 11 per cent incidence 
of malignancy. Bannon and Allen [128] first 
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TABLE VI 
CASES REPORTED BY BARBEAU [46], BARBEAU 
ET AL. [106] AND PRESENT REPORT 


No. of | Per 
Data Cases | cent 
Total cases in literature [46}.. 626 
Bilateral cases [106] 53, minus 1 t listed 
52 
Bilateral cases not quoted 
4 
Total Bilateral | 56 
Familial bilateral: 9 adults, 2 children.| 11 | .... 
Bilateral in children (see Table 1v)....| 18 24 
Bilateral in children, not familial...... 16 21 
Total adult cases. . 
Bilateral in adults. . 
Bilateral in adults, not familial. 5.3 
Associated with neurofibromatosis: 
Adults: 24 [213] plus 2 omitted (12 | | 
Children (see Table im). I | 1.4 
Malignant: | 


described a patient with functioning metastases 
in 1952. 

In 1953 Symington and Goodall [134] re- 
viewed the problem of malignancy and found 
that in thirty-one cases in the literature, only 
seven with definite evidence of metastases 
could not be explained by multicentric origin, 
since they were located distant to the usual sites 
for chromaffin tissue. 

Davis et al. [731] again reviewed the problem 
in 1955 and found eight cases of metastatic 
pheochromocytoma, three of which involved 
functioning metastases; they also added one of 
their own. Tamura and Lawrence [135] added 
another case in 1956. The case of Hodge et al. 
[132] in 1957 may have been a recurrent rather 
than a malignant pheochromocytoma. 

Bartels and De Risio [129] in 1956 and 
Bartels [130] in 1959 again reviewed malignant 
pheochromocytomas and found nineteen cases 
(including two of their own) in 1956 and twenty 
one cases in 1959. Their criteria were not as 
strict as those of Symington or Davis. 

Ransom et al. [733] and Bjork et al. [170] 
have recently reported cases not included by 
Bartels. 

We had two proved malignant pheochromo- 
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cytomas in our series of twenty-one cases 
(Table v1), one of which was previously 
reported. 

Thus, there appear to have been about 
twenty-four cases of proved malignant pheo- 
chromocytomas reported. 

At the time Barbeau [46] wrote his review 
there were possibly fifteen cases of malignant 
pheochromocytoma with metastases that met 
the strictest criteria. This would have been an 
incidence of 2.8 per cent. The incidence in 
children (Table rv) is 2. 4 per cent. 


DIAGNOSTIC TESTS 


Several drug tests have been suggested as 
diagnostic aids to differentiate between essen- 
tial hypertension and pheochromocytoma. In 
general the drugs either work to bring about a 
release of catechol amines from the tumor if the 
patient is between paroxysms, or to depress the 
action of the catechol amines if the patient has 
sustained hypertension. The tests are not with- 
out danger (even fatal results have been 
recorded) and because of the occurrence of false 
positive or false negative results they are less 
reliable then the actual measurement of 
catechol amines in the urine. 

Histamine Test (Roth and Kvale [141]). The 
test is made by injecting intravenously 0.025 to 
0.050 mg. of histamine (in terms of the base). 
The blood pressure is recorded at one-minute 
intervals for fifteen minutes. Positive tests con- 
sist of a rise in blood pressure within three 
minutes to over 50 mm. Hg systolic and 25 mm. 
Hg diastolic. The negative tests usually consist 
of an immediate fall in blood pressure followed 
by a slight rise accompanied by a flushing of the 
face and headache. Both false negative [218,220] 
and false positive [346] results may occur. The 
tests should never be made unless Regitine® is at 
hand to reduce the blood pressure if it becomes 
alarmingly elevated. 

Phentolamine (Regitine) Test (Longino et al. 
[140]). This test can only be used in patients 
with sustained hypertension. It is performed by 
beginning an intravenous infusion and obtain- 
ing controlled blood pressure for several 
minutes before injecting the drug. Regitine is 
then injected into the intravenous tubing in a 
dose of 5 mg., following which blood pressures 
are recorded at thirty-second intervals for 
three minutes, and sixty-second intervals for an 
additional ten minutes. A positive response 
consists of a very prompt fall in blood pressure 
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exceeding 35 mm. Hg systolic and 25 mm. Hg 
 astolic. The blood pressure usually returns to 
wrmal levels within ten or fifteen minutes. 
| alse positive reactions [50,180,346] are not 
ncommon (see section on catechol amines) but 

Ise negative reactions are much less common, 
though they have been recorded [136,346]. 

Mecholyl Test (Guarneri and Evans [138]). 
lecholyl, like histamine, stimulates the re- 
ase of catechol amines from the tumor. The 
ose used is 10 to 25 mg. subcutaneously. This 
fers no advantage over the histamine test and 

more dangerous. 

Benzodioxane Tests (Goldenberg et al. [137]). 
‘his is performed by the injection of 15 to 
o mg. of benzodioxane hydrochloride intra- 
venously (0.25 to 0.50 mg. per kilogram of 
ody weight up to a maximum dosage of 
0 mg.) Over a period of two or three minutes, 
during which the blood pressure is recorded at 
thirty-second intervals for three minutes and 
then at sixty-second intervals for fifteen 
minutes. A fall of 30 mm. Hg in systolic pressure 
and 20 mm. Hg in diastolic pressure within one 
to four minutes after the start of the injection 
constitutes a positive test. False negative 
tests with this agent are more common than 
are those with Regitine. Dangerous pressor 
responses sometimes occur, with or without the 
presence of a pheochromocytoma. 

Dibenamine® Test (Spear and Griswold [142]). 
This test is made by injecting 400 mg. of 
Dibenamine in 500 cc. of 5 per cent dextrose in 
water over a one- to two-hour period. This pro- 
duces a slowly developing but prolonged lower- 
ing of the blood pressure. The test is non-specific 
and unreliable. 

Tetraethylammonium Test (LaDue et al. 
'139]). This drug produces hypertension in pa- 
tients with pheochromocytomas by causing a 
release of catechol amines from the tumor and 
ilso blocking regulating mechanisms of the 
secretion of these substances. It is mentioned 
for the sake of completeness and is seldom used. 

The histamine test should be utilized when 
the patient has paroxysmal attacks and is not 
hypertensive at the time of the test. We utilize 
the histamine test in conjunction with the 
determination of blood catechol amines, which 
greatly enhances its value. The Regitine test is 
only useful when the patient has sustained 
hypertension. The patient should not receive 
any sedatives, antihypertensive medications or 
narcotics for at least seventy-two hours prior to 
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the Regitine test or a false positive reaction may 
occur. False positive reactions have even oc- 
curred as a consequence of discontinuing the 
intake of rauwolfia-containing drugs up to 
four weeks and sedatives up to several days 
before the test [50,346], and are also seen 
in uremia. False negative tests are usually 
a consequence of secondary vascular changes 
which produce sustained hypertension even 
when the pheochromocytoma is removed. 


CATECHOL AMINES IN THE DIAGNOSIS OF 
PHEOCHROMOCYTOMA 


The most accurate method for establishing a 
diagnosis of pheochromocytoma is to demon- 
strate an elevated secretion of norepinephrine, 
and sometimes epinephrine as well, from the 
tumor. This can be done by measurements in 
the blood with or without a provocative injec- 
tion of histamine, by the estimation of urinary 
catechol amines or by the insertion of a catheter 
in the vena cava to establish the site at which 
the highest level of catechol amine concentra- 
tion is obtained [165,171]. 

Engel and von Euler [155] in 1950 were the 
first to demonstrate that large amounts of nor- 
epinephrine were secreted in the urine of two 
patients with pheochromocytoma. One of these 
patients also secreted large amounts of epi- 
nephrine. It was pointed out [177] that this 
method has several advantages over other 
methods of diagnosis. There is no risk or in- 
convenience to the patient, the test can be 
repeated on several occasions, there is scarcely 
any risk of false positive or false negative 
results (which are not uncommon with other 
methods) and it gives quantitative information 
on the activity of the tumor. 

Several technics for the estimation of urinary 
catechol amines have been developed, and these 
fall into three general categories. The first of 
these is to form fluorescent trihydroxyindole 
derivatives of the catechol amines and deter- 
mine their concentration fluorometrically, as 
exemplified by the method of von Euler and 
Floding [163]. The second general method is to 
form fluorescent derivatives of the catechol 
amines by condensation with ethylenediamine, 
as exemplified by the method of Weil-Malherbe 
and Bone [208]. This has proved to be more use- 
ful for blood than urine, however. The third is a 
bioassay method, which in its latest abbreviated 
form measures only norepinephrine (since all 
pheochromocytomas secrete an excess of nor- 
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TABLE VII 
URINE CATECHOL AMINE EXCRETION (uG. PER TWENTY-FOUR HOURS): COMPARISON OF NEW TECHNIC 
WITH OLD 
Epinephrine Norepinephrine Total Catechols 
No. of Patients 
Mean | Range Mean | Range Mean 
Normal 
Hypertensive 
With pheochromocytomas | 
Old: | 119.0 3.7-442.0 308.8 | 107.9-654.3 427.8 
252 30. 4-887 .0 948 .3 201 .8-2, 573.1 1,200.9 


epinephrine) by means of increases in the blood 
pressure of a cat when samples of urine from a 
patient with a pheochromocytoma are injected 
into the test animal. This method is typified by 
the screening procedure of Moulton and 
Willoughby [192]. Many other methods and 
variations of them have been proposed but will 
not be discussed herein. 

As mentioned in the section on biochemistry, 
some authors [20,21,35] have found increased 
levels of epinephrine and norepinephrine metab- 
olites in the urine of patients with pheochro- 
mocytomas, but these methods are not at 
the moment as well established as those 
for the measurements of epinephrine and 
norepinephrine. 

In our own laboratory we have used the 
method of von Euler and Floding [163] for the 
estimation of epinephrine and norepinephrine 
in urine. We have recently improved our 
recovery rate by the use of columns of alu- 
minum oxide, instead of adding the aluminum 
oxide to the urine, and by changes in the filters 
of the fluorometer. Our present recovery rate is 
80 per cent. We have studied urinary catechol 
amine excretion in twenty-one normal patients, 
317 hypertensive patients and four patients 
with pheochromocytomas. The values are 
shown in Table vii, together with a comparison 
of results obtained before and after the 
modifications mentioned. The urine of the pa- 
tients with pheochromocytomas was saved and 
run by both methods. There was no significant 
difference between the catechol amine excretion 
in normal patients and those with hypertension, 


but there was a tremendous difference between 
these two groups and the patients with pheo- 
chromocytomas. This is most apparent in the 
comparison of the norepinephrine values, since 
all pheochromocytomas secrete an excess of nor- 
epinephrine while only an occasional one also 
secretes an excess of epinephrine [171]. 

When using these methods for the detection 
of pheochromocytomas, it is important to 
establish that all patients with pheochromocy- 
tomas secrete an increased amount of catechol 
amines in the urine and that this degree of 
hypersecretion does not occur in patients with 
other diseases. The comparative values found 
in patients with hypertension and those with 
pheochromocytomas, as recorded by several 
authors in the recent literature, are shown in 
Table vi. In the figures of Hamilton et al. 
[179] there was a clear-cut difference between 
twenty-eight patients with hypertension and 
five with pheochromocytomas. In Burn’s [147] 
figures there was only a slight difference be- 
tween the highest of eight patients with hyper- 
tension and the lowest of three with pheochro- 
mocytomas. Goldenberg et al. [177] reported on 
sixteen patients with pheochromocytomas. In 
five, both epinephrine and norepinephrine were 
determined, and total catechol amines were 
determined for all patients. There was a con- 
siderable difference between the lowest value 
seen in nine patients with pheochromocytomas 
and sustained hypertension, and the highest 
value seen in thirty-five patients with hyper- 
tension. There was less difference between the 
lowest value in seven patients with paroxysmal 
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TABLE VIII 
URINARY CATECHOL AMINE’ EXCRETION (uG. PER TWENTY-FOUR HOURS) 
N Epinephrine Norepinephrine Total Catechols 
No. 
Category of Author 
Cases 
Mean| Range | Mean| Range | Mean Range 

17.4%, 57.6-86.4 
16.4%, >86.4 

<80 ug. West and Taylor, 1955 [271] 
Pheochromocytoma................ 35 | 107 0-540 53-8 ,800)1,206 |140-8,800 von Euler and Strom 1957 [171] 
Pheochromocytoma, sustained hypertension....... 800-3 , 100 Dahl-Iverson, 1959 [151] 
Pheochromocytoma, paroxysmal hypertension...... 8 bated 


hypertension and the highest value seen in the 
hypertensive patients. von Euler et al. [160] 
studied 500 patients with hypertension and 
found that 83.6 per cent had values of less than 
57.6 wg. in twenty-four hours, 17.4 per cent 
never had values above 86.4 ug. and 16.4 per 
cent had values over 86.4 ug. The presence of a 
pheochromocytoma was not definitely ex- 
cluded in these patients. In another publication 
von Euler and Strom [171] reported their find- 
ings in thirty-five patients with pheochromo- 
cytomas. One of these patients had a value of 
only 140 wg. in twenty-four hours and one had 
only a norepinephrine determination, but the 
rest of the patients had values above the range 
seen in hypertension. West and Taylor [271] 


studied 200 hypertensive patients and found 
that all values fell below 80 ug. in twenty-four 
hours, while the lowest value seen in three pa- 
tients with pheochromocytomas was 225 ug. in 
twenty-four hours. Thomas [204] studied one 
patient with a pheochromocytoma whose values 
were higher than that seen in thirty-six hyper- 
tensive patients. McMillan [187] studied one 
patient with a pheochromocytoma whose values 
varied greatly. While the average was con- 
siderably higher than that seen in sixty-five 
patients with hypertension, at least one twenty- 
four-hour urinary excretion was within the 
hypertensive range. Thompson and. Trounce 
[205] had values both for normal and for 
hypertensive patients which were much higher 


than that found by other workers, and their one 
patient with a pheochromocytoma had values 
higher than that seen in hypertensive patients. 
Petersen and Reinwein [194] found considerable 
overlap between the values seen in normal pa- 
tients and those with hypertension, but studied 
no patients with pheochromocytomas. Dahl- 
Iverson [157] found elevated levels in twelve 
patients with pheochromocytomas. Rosen- 
heim [200] screened 100 hypertensive patients 
with urinary catechol amines and found one 
with a pheochromocytoma. In listing our own 
values we utilized the mean figures obtained 
with the newer modification of the methods, 
since these ran somewhat higher than those ob- 
tained with the old method, but the maximum 
figures quoted are the maximal values obtained 
by either method. The highest value obtained in 
317 hypertensive patients for total catechol 
amines was 103.6 wg. in twenty-four hours. The 
lowest value obtained in four patients with 
pheochromocytomas was 452.7 ug. per twenty- 
four hours. 

We may summarize these results by saying 
that the majority of hypertensive patients do 
not show values which differ significantly from 
those seen in normal patients, despite the early 
report of Holtz et al. [783] to the contrary, while 
an occasional hypertensive patient may have a 
value which is slightly above this range. Pa- 
tients with pheochromocytomas almost in- 
variably have values well above the hyper- 
tensive range. 

There is an occasional patient with par- 
oxysmal hypertension whose twenty-four—hour 
urine catechol amine excretion may fall within 
normal limits on any given day, while it may be 
up on other days during which the patient 
experiences attacks. Thus Pitkanen [195] re- 
ported a case in which the patient excreted 30 
and 50 wg. per twenty-four hours during two 
normotensive periods, while the urine obtained 
during an attack induced by massage of the 
tumor contained 21 wg. per 100 cc., which 
would have been equivalent to about 300 ug. 
per twenty-four hours. Thompson and Trounce 
[205] reported on a patient with a pheochromo- 
cytoma and paroxysmal hypertension whose 
catechol amine excretion was normal when 
measured on days during which the patient had 
no attack. On the day when the patient had one 
small attack, the twenty-four-hour urinary 
catechol amine excretion was 642 ug. Dahl- 
Iversen [151] reported on eight patients with 


Hume 


paroxysmal hypertension and pheochromocy- 
tomas, all of whom had elevated urinary 
catechol amine excretion. Thomas [204] re- 
ported on a single patient with paroxysmal 
hypertension and a pheochromocytoma who 
excreted 720 yg. in twenty-four hours. During 
the two and a half-hour period when the pa- 
tient was having a paroxysm of hypertension he 
excreted 50 wg. per hour, while during the 
remaining twenty-one and a half hours he 
secreted 28 ug. per hour (still a markedly 
elevated level). Five days after removal of the 
pheochromocytoma the total twenty-four—hour 
urinary catechol amine excretion was 71 ug. 
Pitkanen’s [195] case was also reported by 
Forsell and Malm [112]. Litchfield and Peart 
[185] presented a case of paroxysmal hyperten- 
sion with pheochromocytoma in which the uri- 
nary catechol amine excretion was said to be 
within normal limits even during the period im- 
mediately after attacks. Drukker et al. [152] 
reported a case of paroxysmal hypertension in 
which the urinary catechol amine levels were 
normal but the patient was said to have 
bilateral adrenal medullary hyperplasia at 
operation. This is not a case in point, how- 
ever, because the patient did not have a 
pheochromocytoma. 

It would appear that as laboratory technics 
improve, the separation of patients with hyper- 
tension from those with pheochromocytomas, 
by means of the urinary catechol amines, will 
become even easier. There appears to be no 
verified case of persistent hypertension in 
which the urinary catechol amines were not 
elevated, and only a rare case of paroxysmal 
hypertension in which values are not elevated 
even during intervals when there was no 
paroxysm. It is, thus, an excellent screening 
test for pheochromocytomas. 

The urinary catechol amine values are higher 
during the day than at night [27,159,161,166], 
and are higher when the patient is standing 
than when lying down [102,167], during muscu- 
lar work [159,181], certain types of stress [27, 
161] and after the injection of insulin [158,205]. 
The urinary catechol amine value is sometimes 
markedly elevated after myocardial infarction 
[173]. Surgical and traumatic stresses produce 
an increased excretion of catechol amines [174, 
184] if they are severe. Only with myocardial 
infarction or severe muscular exercise, however, 
do these values approach those seen in patients 
with pheochromocytomas. It has been claimed 
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by Sulkowitch et al. [203] that urinary “epi- 
nephrines” in some psychiatric patients are as 
high as those seen in patients with pheochromo- 
»ytomas. The specificity of their method is in 
some doubt, however. 

It seems possible to rule out most of the afore- 
mentioned circumstances by examination of 
the patient, so they should not interfere with 
the value of the method. 

Blood Catechol Amines. Blood catechol 
amines exist in such small quantities that their 
accurate measurement is difficult; therefore, 
they are of somewhat limited value in the 
diagnosis of pheochromocytomas. In the meas- 
urement of catechol amines the blood epineph- 
rine and norepinephrine are extracted from 
plasma or serum by adsorption on aluminum 
oxide, followed by elution with acid. Fluores- 
cent derivatives are then formed and their 
concentration determined fluorometrically. Two 
different methods have been developed for this 
purpose. The first is that of Lund [786] who 
oxidized epinephrine and norepinephrine with 
manganese dioxide and converted them into the 
trihydroxyindoles adrenolutin and noradren- 
olutin by adding alkali. Epinephrine and nor- 
epinephrine were separated by oxidation at 
different pH’s. This is known as the trihydroxy- 
indole (THI) method. He found that normal 
human venous serum contained less than 1 
ug. epinephrine and norepinephrine per liter. 

The second method is that of Weil-Malherbe 
and Bone [208], who formed fluorescent 
derivatives of epinephrine and norepinephrine 
by coupling them with ethylenediamine. They 
found the mean value for normal human plasma 
to be: norepinephrine, 8.7 yg. per liter; and 
epinephrine, 2.1 ug. per liter (as recalculated by 
Cohen and Goldenberg). Aronow et al. [145] 
and Manger et al. [189], using the ethylenedia- 
mine (ED) method, obtained values of 2.1 yg. 
per liter for norepinephrine and 0.4 ug. per liter 
for epinephrine, and 3.9 ug. per liter for nor- 
epinephrine and 0.14 ug. per liter for epi- 
nephrine, respectively. 

Cohen and Goldenberg [149] modified the 
THI method by using different filter sets to 
distinguish between epinephrine and norepi- 
nephrine, instead of oxidizing at different pH’s. 
They obtained the following values in fifty-nine 
normal subjects: norepinephrine, 0.3 ug. per 
liter (0.09 to 0.50); and epinephrine, 0.06 yg. 
per liter (0.05 to 0.19). 

Price and Price [196] modified the THI 
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method by oxidizing with potassium ferri- 
cyanide and converting to the lutines by adding 
alkali in the presence of ascorbic acid. The 
fluorescence of the reaction product was in- 
creased by adjusting the final pH to 5.0 instead 
of allowing it to remain strongly alkaline. A 
differentiation between epinephrine and _ nor- 
epinephrine was achieved by a different com- 
bination of filters. They obtained values in 
arterial plasma of 0.20 ug. per liter for norepi- 
nephrine and 0.10 yg. per liter for epinephrine. 
Venous plasma showed a higher norepinephrine 
and lower epinephrine content than did the 
arterial plasma. The reasons for the much lower 
values found by the THI method as compared 
to the ED method have not yet been satis- 
factorily elucidated [150,172,191,196,197,206, 
210]. 

Lund [186] found markedly elevated blood 
values in five patients with pheochromocy- 
tomas during an attack; the values were low in 
two patients between attacks. Cohen and 
Goldenberg [149] measured blood catechol 
amines in fourteen patients with pheochromo- 
cytomas, and gave the values for five of these 
patients in their report. Three patients with 
sustained hypertension had elevated values at 
rest, which in one patient were further increased 
by the administration of anesthesia. Two pa- 
tients with paroxysmal hypertension had low 
values, one of them within the normal range, 
at rest, which increased markedly during a 
paroxysm in one patient and following admin- 
istration of histamine or surgery in the other. 
Manger et al. [789] measured blood levels in 
thirteen patients with pheochromocytomas. 
They noted the following: in seven normal 
subjects: norepinephrine, 0.8 to 6.2 ug. per liter; 
epinephrine, 0 to 0.6; in six hypertensive pa- 
tients: norepinephrine, 0 to 11.2; epinephrine o 
to 0.6; in nine patients with pheochromocy- 
tomas: norepinephrine, 3.7 to 23; epinephrine, 
0 to 3.0 Two patients had normal levels, and 
both had paroxysmal hypertension. There is, 
therefore, some overlap between the values 
seen in patients with pheochromocytomas and 
other hypertensive or normal subjects using 
either the THI or ED method. This is most apt 
to occur in patients with paroxysmal hyperten- 
sion. Normal values in patients with pheo- 
chromocytomas have also been reported by 
Kvale et al. [51] (three of twenty-five cases) and 
by Reuther et al. [798] and Hardy et al. [247] 
(one case each). 
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TABLE Ix 
Blood Catechol Amines/L. 
Urinary Catechol 
Amines/24 hr. 
Pre-histamine Post-histamine 
Patient 
| 
| - 
Epineph- Epineph- Epineph- 
Pheochromocytoma suspected clinically 
1.5 18.9 
G. M. 3.4 34.0 ro) 1.0 0.1 1.1 
4.2 33-4 
3.7 0.0 1.0 0.4 1.6 
Hypertensives | 
Pheochromocytoma (old method) 
Normal 
Old method: 
New method: 
8.9 | 76.0 


* Fourteen months later. 
+ Mean for patients having histamine tests. 


We have measured blood catechol amines by 
Aronow’s [144] modification of the ED method 
in four patients with pheochromocytomas. 
(Table 1x.) The levels were elevated above the 
maximal values seen in hypertensive patients 
in only one of the four patients. The use of the 
histamine test in conjunction with blood 
catechol amine determinations, however, is 
very valuable, especially in patients with 
paroxysmal hypertension whose resting levels 
are not elevated [51,149,198,241]. This test is 
performed like any other histamine test except 
that blood samples for catechol amine deter- 
minations are obtained two and four minutes 
after the injection of the histamine. The hyper- 
tensive patient will not show elevated catechol 
amine values following the administration of 
histamine, while the patient with a pheochro- 


mocytoma will. (Fig. 2.) Blood catechol amine 
levels may be falsely elevated in patients in 
uremia. 

Urinary catechol amine determinations will 
provide a positive diagnosis in almost all pa- 
tients with pheochromocytomas, and the addi- 
tion of the histamine test with blood catechol 
amine levels in patients with paroxysmal 
hypertension who fail to show elevated urinary 
values should make possible the diagnosis in 
essentially every case. 

During the course of screening 317 hyper- 
tensive patients for pheochromocytomas, we 
found ten with positive Regitine tests who had 
normal urinary catechol amine excretions. We 
also studied four patients who had attacks 
highly suggestive clinically of pheochromocy- 
toma, including sweating and anxiety. (Table 
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BLOOD CATECHOL AMINE RESPONSE TO HISTAMINE 


nor- epinephrine 


epinephrine 


woe 
8L00D SYMPATHIN 
ug / liter 7E 
6E 

° 3 

pre- post - pre- post - pre- post - 
NORMAL NORMAL PATIENT — JL. 


Fic. 2. The blood catechol amine response four minutes after the intravenous 
injection of 0.025 mg. of histamine base. The “normal” hypertensive patients 
show no significant response, while patient J. L., who had a pheochromocytoma, 
responded with marked increases of blood epinephrine and norepinephrine 


values. 


1x.) All four patients had normal urinary 
excretions of catechol amines, and the three 
patients in whom it was tested showed no ele- 
vation of the blood catechol amine levels fol- 
lowing the administration of histamine. Three 
of the four patients underwent abdominal 
explorations for pheochromocytoma despite the 
laboratory findings. No pheochromocytoma 
was found. Two of the patients died post- 
operatively and no pheochromocytoma was 
found at postmortem examination. 

Henry and Sobel [780] found no elevated 
urinary catechol amine levels in thirty-five 
hypertensive patients and seven patients with 
anxiety, although one patient with malignant 
hypertension had an elevated level and six pa- 
tients with pheochromocytomas had elevated 
levels. They noted sixteen false positive reac- 
tions to the Regitine test. 

Although many authors have reported false 
positive reactions to the Regitine test, false 
negative reactions can also occur [so]. It re- 
mains a valuable screening test, but we prefer a 
determination of the urinary catechol amines 
for this purpose. 

Short screening tests have been recommended 
including the biologic cat test of Moulton and 


Willoughby [192] and the fluorometric test of 
Hingerty [187]. Alberts [143] tried both tests 
and stated he preferred the cat test, although 
it was less specific. His recovery rates by the 
fluorometric technic were only 30 per cent, 
however, and he screened just sixteen patients 
by both methods, none of whom had a pheo- 
chromocytoma. Wright [212] has also developed 
a short chemical urinary screening test for 
pheochromocytoma. More experience will have 
to be gained with these tests to establish their 
value. 


THE PRESENT SERIES OF CASES 


Twenty-one patients with pheochromocy- 
tomas were admitted to the Medical College of 
Virginia, McGuire Veterans Administration 
and Sheltering-Arms Hospitals from 1941 to 
1959. (Table 11.) Nineteen were adults and two 
were children. There were ten females and 
eleven males, and the ages ranged from three to 
seventy years. Thirteen patients were white and 
eight Negro. The diagnosis was made at 
autopsy in ten patients, and clinically confirmed 
at operation in nine. In two patients the 
diagnosis was unsuspected and was made by 
biopsy or excision. Sustained hypertension was 
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TABLE xX 
| Catechol Amine 
Weight Content of Tumor | 
f | Catechol 

Patient - | | Amine Con- 

Tumor 

(gm.) Norepi- | Epi- | tent of Urine 

nephrine | nephrine 
(mg./gm.) |(mg./gm.) 

G..H.. | 50 4.92 | 0.29 | 880 ug/24 hr. 
M. G... 43 | 0.42 
M. M.. 87 4.41 


20 | 4:95 | 0.28 


present in eleven patients, paroxysmal in three, 
none in three, and not recorded in four. In four 
patients the pheochromocytoma was associated 
with neurofibromatosis, and in one patient with 
pregnancy. Two tumors were malignant with 
metastases. The pheochromocytoma was bi- 
lateral in one patient, involved the left adrenal 
in seven, the right in eleven, the mediastinum 
in one and the organs of ZuckerkandI in one. The 
weight of the tumors in thirteen patients varied 
from 11 to 335 gm. with an average of 100 gm. 
The weight of the adult patients varied from 
87 to 210 pounds, the two children weighing 30 
and 47 pounds, respectively. The average 
weight of the adult patients was 143 pounds. 
One adult weighing 200 pounds and one weigh- 
ing 210 pounds had paroxysmal hypertension; 
symptoms in the later patient had been present 
for fifteen years. This is commented on else- 
where herein. Two pheochromocytomas were 
silent or non-functioning. Eleven of the twenty- 
one patients died, the diagnosis having been 
made in only one. Four patients died with- 
in twenty-four hours of admission to the 
hospital, one from circulatory collapse, two 
from subarachnoid hemorrhages and one fol- 
lowing emergency operation for appendicitis 
with abscess. Two patients died of metastases 
from malignant pheochromocytomas, one from 
carcinoma of the prostate, one from a coronary 
thrombosis, one from pneumonia, and one death 
was due to unknown causes. One patient died 
after operation for pheochromocytoma from 
complications due to injury to the inferior vena 
cava. Four of the eleven patients were in coma 
when admitted and illustrate the serious nature 
of the untreated disease. 

Eleven patients were operated upon for their 
disease: nine had functioning pheochromocy- 
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tomas; one, a mediastinal pheochromocytoma; 
and one, a retroperitoneal mass. Ten patients 
are living, of whom seven are asymptomatic 
and three have symptoms suggesting recur- 
rence or a tumor on the opposite side. Cardiac 
arrest occurred in two patients, in one following 
Pentothal® anesthesia, and in another during 
operation. Both survived without damage. 

One additional child who was admitted in 
coma and died of a subarachnoid hemorrhage 
within twenty-four hours was thought to have 
had a pheochromocytoma. An autopsy was not 
obtained, and the child is not included in the 
series. 

An analysis of the catechol amine content of 
the tumors was made in four patients, and of 
the urine also in one case, by Dr. M. Golden- 
berg, Columbia University. The values are 
shown in Table x. 

The analysis of the urine for catechol amines 
was made in our laboratory in one patient 
(J. L.) and in three additional patients not 
reported herein. (Table 1x.) 

Of interest in the series was the high incidence 
of neurofibromatosis (four cases), cerebellar 
hemangioma (two cases) and other malignancy 
(two cases). Two patients were obese, and one 
had had symptoms for fifteen years. Two pa- 
tients were children. One patient with paroxys- 
mal hypertension secreted mainly norepineph- 
rine, and one with sustained hypertension 
secreted mainly epinephrine. 

Eight of the cases have previously been 
reported [213-216]. 


PHEOCHROMOCYTOMA IN PREGNANCY 


The first association of pheochromocytoma 
in pregnancy’ was reported by Oberling and 
Jung in 1927 [225,226]. Their patient was a 
twenty-eight year old pregnant woman who 
suffered from paroxysmal hypertension and 
died in unexplained shock following delivery. 
She was found at autopsy to have a pheo- 
chromocytoma of the left adrenal. She had had 
a normal pregnancy four years previously. In 
1955 Gemmell [221] selected from the literature 
212 cases in which the pheochromocytoma in- 
volved women, excluding extra-adrenal tumors 
for some reason. Of this number, eighty-five 
were known to have been parous at some time. 
The history was obtainable for sixty-eight of 
the eighty-five patients, of whom 25 per cent 
had had toxemia of pregnancy. He listed the 
symptoms for thirty-five of these patients. 
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Symptoms of a fulminant nature developed 
n nine patients between the onset of labor and 
twenty-four hours after delivery, and eight 
lied. He stated that symptoms were as apt to 
‘ome on during puerperium as during preg- 
iancy. Of eighteen patients in whom symptoms 
leveloped during the puerperium, only six had 
symptoms immediately after delivery. Two pa- 
tients presented a picture of fulminating pre- 
eclampsia, and both died. It is interesting that 
in two patients who had had a pheochromocy- 
toma removed before their first pregnancy and 
went through a normal delivery, a second tumor 
developed during their second pregnancy. 
Peelen and De Groat [228] in 1955 selected 
nineteen cases from the literature and added 
one of their own. The maternal mortality rate 
was 45 per cent. One patient died before 
delivery and eight died within seventy-two 
hours after delivery. In addition, one patient 
died one month after delivery following opera- 
tion, and one died eighteen months later wait- 
ing for operation. The hypertension was 
paroxysmal in sixteen of twenty patients, 
persistent in one and not noted in three. The 
patients’ ages ranged from twenty to thirty-five 
years. The tumors involved the right adrenal in 
nine patients, the left in nine and were bilateral 
in two. Symptoms usually appeared in the 
third trimester. The babies lived in 68 per cent 
of the cases. Dean [220] in 1958 selected thirty- 
two cases from the literature, including one of 
his own. In thirteen of sixteen patients who 
died, the diagnosis was made at autopsy. Six- 
teen patients delivered, of whom fifteen were 
subsequently operated upon and recovered, and 
one was operated upon during pregnancy and 
delivered later. 

Maloney [224] reported the first case in which 
the diagnosis was made antepartum. There 
have been three patients described in whom the 
diagnosis of pheochromocytoma was made 
during pregnancy and the tumor was removed 
during pregnancy or delivery, with a successful 
outcome for both mother and child. The first of 
these cases was reported by Keir [223] in 1955. 
The pheochromocytoma was felt during a pre- 
vious cesarean section and removed ten months 
later when the patient was again pregnant. A 
normal infant was subsequently delivered by 
cesarean section. Dean [220] in 1958 made the 
diagnosis in a patient in the thirty-eighth week 
of pregnancy and removed the tumor at the 
time of cesarean section. Bennett and Mather 
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TABLE xI 
SYMPTOMS OF PHEOCHROMOCYTOMA IN PREGNANCY 
COMPARED TO THOSE SEEN IN CHILDHOOD AND IN 
A COLLECTED SERIES OF UNSELECTED CASES 


Pregnancy, | Childhood, | Unselected, 
Ss . 35 Cases 71 Cases 100 Cases 
Symptoms (Gemmell | (Hume*) (Graham 
{221]) (%) (%) [40]) (%) 
80 81 55 
Nausea or vomiting. 40 56 36 
See ; 40 68 23 
Apprehension.......... 17 oe 13 
Epigastric or substernal 
6 14 16 19 
Visual complaints. 9° 44 8 


* Present report. 


[217] in 1959 described two patients, the first of 
whom died suddenly antepartum and the sec- 
ond being the only one recorded in which the 
diagnosis was made and operation performed in 
the antenatal period followed by spontaneous 
delivery of a live baby. 

A number of additional cases of pheochromo- 
cytoma in pregnancy have appeared in the re- 
cent literature [218—220,227,229,230,231]. There 
are, therefore, at least thirty-seven cases re- 
ported in the literature in which symptoms 
of pheochromocytoma were noted during 
pregnancy. 

The symptoms of pheochromocytoma during 
pregnancy may appear as (1) severe or fatal pre- 
eclampsia; (2) typical attacks of paroxysmal 
hypertension with symptoms of headaches, 
restlessness, apprehension, sweating and tachy- 
cardia; (3) headaches or other symptoms with- 
out hypertension [218,229]; (4) sudden shock 
and death in the antepartum period [277]; (5) 
hyperpyrexia [229] after delivery; or (6) shock 
after delivery with or without previous ap- 
parent symptoms appearing spontaneously or 
induced by anesthesia or delivery. The diag- 
nosis has often been confused with toxemia 
when sustained hypertension is present during 
the early stages of the pregnancy, with pre- 
eclampsia when headache, edema, tachycardia 
and hypertension are present late in pregnancy, 
or with a ruptured uterus when the patient 
goes into shock during or immediately after 
labor. Table x1 includes the symptoms and 
signs of pheochromocytoma in pregnancy, as 
listed by Gemmell [227], compared with those 
seen in childhood, as herein listed, and those 
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TABLE XIL 
FAMILIAL CASES 


Sex and 


Author and Year Reported Age (yr.) 


F,26 
F,17 
F,36 
F,22 
M,41 
F,41 
M,44 
F,18 
F,28 


Hyman and Mencher, 1943 [236]........ 
Calkins and Howard, 1947 [232].... 


Lohmann, 1950 [237].... 
Roth et al., 1953 [238]..... 


Kelsall and Ross, 1955 [2g0]....... 
Young and Murray, 1955 [336]... 


Cone et al., 1957 [233]....... F 


Cone et al., 1957-1958 [125, 233].......... | F,26 


Greenberg and Gardner, 1959 [235]......... 


| 
| 
Location of Tumor Relation 


“| 


Left Aunt 

| Left Niece 

| Bilateral Aunt 

| Bilateral Niece 

| Bilateral Brother 
Bilateral Sister 

| Right Brother 

| Bilateral Sister 

| Bilateral Sister 

| Bilateral | Brother 

| Bilateral | Sister 

| Bilateral Sister 

| Left Brother 

| Left Sister 

| Bilateral Mother 

| Bilateral and intrathoracic Daughter 
| Right and organs of Zuckerkandl | Daughter 
| Not stated Mother 

| Not stated Son 

| Right and neck Nephew and cousin 
| Left | Father 

| Left 


| Son 
| 


collected for all cases by Graham [49] in 1951. 
The symptoms in pregnancy correspond quite 
closely to those of the unselected group, except 
that headaches and sweating are more common 
in pregnancy. In these two respects symptoms 
in pregnancy are similar to those in childhood. 
The symptoms of visual complaints are much 
higher in childhood than in Graham’s un- 
selected cases or in Gemmell’s cases of preg- 
nancy, but correspond well to the figure of 35 
per cent given by Peelen and De Groat [228] for 
pheochromocytoma during pregnancy. 

The patient reported by Pickles [229] had 
symptoms during three pregnancies, delivered 
each time and died immediately after the third 
delivery. In the patient of Parboosingh and 
Tate [227], symptoms developed in the last 
trimester of her sixth pregnancy at twenty-five 
years of age; she aborted a macerated fetus and 
died. A successful outcome of previous preg- 
nancies with or without the association of 
symptoms suggestive of a pheochromocytoma, 
does not, therefore, mitigate against the 
presence of a pheochromocytoma during a 
subsequent pregnancy. Patients with tox- 
emia, pre-eclampsia or unexplained attacks 


should be screened for the presence of a 
pheochromocytoma. 


FAMILIAL OCCURRENCE OF PHEOCHROMOCYTOMA 


There have been nine instances of familial 
occurrence of pheochromocytomas reported in 
the literature. These are summarized in Table 
x1. The first was reported by Hyman and 
Mencher [236] in 1943, and a second probable 
case was cited by them. Calkins and Howard 
[232] in 1947 reported bilateral pheochromocy- 
tomas in an aunt and niece, and these same 
cases were also reported by Colston [234] in 
1948. Lohmann [237], Roth et al. [238] Kelsall 
and Ross [290], and Young and Murray [336] all 
reported cases in which pheochromocytomas 
had occurred in more than one member of a 
family. Cone et al. [233] in 1957 reported two 
instances of familial pheochromocytoma in two 
different families. In each instance three mem- 
bers of the family were involved. Cone [125] in 
1958 reported the follow up of one of the cases. 
The ninth case of familial pheochromocytoma 
was reported by Greenberg and Gardner [235] 
in 1959, although the authors refer to it as the 
eighth case because they failed to include Young 
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and Murray’s cases. Of the twenty-two patients 
having a familial history of pheochromocytoma, 
the tumors were bilateral in eleven, multiple in 
two and single in nine. It is of interest that two 
of the three extra-abdominal pheochromocy- 
tomas reported in children occurred in the 
familial series of Cone [125,233]. The third case 
was that of Slater et al. [378]. Two of the three 
pheochromocytomas were intrathoracic, and 
the third was located in the neck. 


PHEOCHROMOCYTOMA AND NEUROFIBROMATOSIS 


It has been known for a long time that 
neurofibromatosis is sometimes associated with 
the presence of a pheochromocytoma [247,248, 
252]. The literature regarding this association 
was reviewed by Glushien et al. [240] in 1953. 
They reported a total of eighteen cases, in- 
cluding one of their own. Knox and Slessor 
[243] reported an additional case in 1955. Healy 
and Mekelatos [242] reported a case in 1958 
which they believed to be the twentieth in the 
literature. They apparently overlooked ten 
other reports [52,60,170,230,245,240,251,253, 
322,351]. Since their article there have been at 
least five additional reports totaling seven cases 
[213,241,244,240,250]. There are, thus, a total 
of thirty-seven reported. The subject was 
reviewed by Chapman et al. [273] in 1959, and 
thirty-five cases were collected. 

In our own series of twenty-one cases of pheo- 
chromocytoma there have been four associated 
with neurofibromatosis, all of which have been 
previously reported [213-215]. Since there had 
been twenty-five cases reported prior to Jan- 
uary I, 1957, and Barbeau [46] found 626 cases 
of pheochromocytoma reported by this date, 
the incidence of neurofibromatosis in patients 
with pheochromocytomas is about 4 per cent. 

Glushien et al. [240] reported two cases of 
pheochromocytoma associated with von Hippel- 
Lindau’s disease, and suggest that pheochromo- 
cytoma may be related to other neurocutaneous 
syndromes associated with neurofibromatosis, 
such as tuberous sclerosis and Sturge-Weber’s 
syndrome. One of the patients in our series had 
neurofibromatosis and a cerebellar hemangioma 
and another had multiple hemangiomas of the 
brain stem and a family history of von Hippel- 
Lindau’s disease and neurofibromatosis. The 
relationship of the findings in these two cases to 
the neurocutaneous syndromes has been dis- 
cussed by Chapman et al. [273]. 

Shocket and Teloh [249] have reported the 
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association of pheochromocytoma with agan- 
glionic megacolon, megaloureter and neuro- 
fibroma, suggesting that several neural abnor- 
malities can sometimes coexist in the same 
patient and may be related. 


PHEOCHROMOCYTOMA IN CHILDREN 


The first report of a pheochromocytoma in a 
child was made by Marchetti in 1904 [303]. In 
this case, bilateral tumors involving both 
adrenals were found at postmortem examina- 
tion in a fifteen year old boy who had died of 
typhoid fever. Wiesel in 1909 [334] and Neusser 
and Wiesel in 1910 reported the occurrence of 
a pheochromocytoma in a two year old girl who 
died of bronchopneumonia. She was found at 
autopsy to have a pheochromocytoma and 
cerebral arteriosclerosis. 

Several reviews of pediatric cases have 
been published [233,267,268,274,278,2090,307, 
309,316,320, 321,328]. The most complete re- 
view was that of Tevetoglu and Lee [328] who 
summarized and listed forty-seven cases from 
the literature and added one of their own. 
Farquhar [274] listed fifty-seven cases, but some 
were duplicates. 

Hypertension is uncommon in children, and 
when present is usually secondary to chronic 
renal disease or coarctation of the aorta. The 
causes of hypertension in infants and children 
have recently been reviewed by Etteldorf and 
Smith [338] and by Slater et al. [378]. These may 
be listed briefly as follows: 

1. Renal disease: Acute and chronic glomeru- 
lonephritis, pyelonephritis, nephrosis, poly- 
cystic kidneys, hydronephrosis, cyst and tumor, 
tuberculosis, periarteritis nodosa, partial con- 
striction of the renal artery. 

2. Cardiovascular: Coarctation of the aorta, 
patent ductus arteriosus, aortic insufficiency. 

3. Central nervous system: Poliomyelitis, 
hypothalamic tumor, encephalitis and increased 
intracranial pressure. 

4. Endocrine: Cushing’s syndrome, adreno- 
genital syndrome, aldosteronism, hyperthyroid- 
ism, diabetes mellitus, adrenal steroid therapy 
and pheochromocytoma. 

5. Poisoning: Lead poisoning, mercury poi- 
soning, thallium, vitamin D, epinephrine, black 
widow spider bite, and carbon monoxide. 

6. Miscellaneous causes: Newborn infant of 
eclamptic mother, familial autonomic dysfunc- 
tion, rheumatic fever, anxiety, porphyria, 
diphtheria and acrodynia. 
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TABLE XIII 
AGE INCIDENCE OF PHEOCHROMOCYTOMA IN 
CHILDREN 


Age (yr.) Made 


Onset of Symptoms 


(83) (58) 


SCONWM AM ON NW 


*Peak incidence. 


7. Essential hypertension: Extremely rare 
and always a diagnosis of exclusion. 

The normal blood pressure in children 
averages from 80/46 mm. Hg in the newborn to 
96/66 mm. Hg at one year and 118/60 mm. Hg 
at age fourteen. 

Pheochromocytoma may occur in childhood 
and may produce severe hypertension. Symp- 
toms from a pheochromocytoma have begun as 
early as one month of age [295]. Because it is a 
curable form of hypertension it should always 
be included in the differential diagnosis of 
hypertension in childhood. 

A review has been made of the world litera- 
ture through July 1959, and eighty-three cases 
of pheochromocytoma occurring in children 
sixteen years old or younger have been found, 
when all duplicate reports have been sorted out. 
(Some cases have been reported by different 
authors in as many as six different publications.) 

Two additional cases in children are added in 
the present series. One of these was a three year 
old white girl who was admitted to the Shelter- 
ing-Arms Hospital in 1941 with pain in the right 
lower quadrant, nausea and vomiting of a 
week’s duration. She was found to have a mass 
in the right flank and was operated upon for an 
appendiceal abscess, which she had. At opera- 
tion she was also noted to have a mass at the 
upper pole of the right kidney. She died twenty- 
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four hours after operation and postmortem 
examination revealed a localized appendiceal 
abscess, bilateral bronchopneumonia and a 
pheochromocytoma of the right adrenal. 

The second case is that of a seven year old 
boy who entered the Medical College of 
Virginia Hospital in 1955 complaining of severe 
headaches and projectile vomiting of one year’s 
duration. His blood pressure was known to have 
been normal six months prior to admission, but 
on admission he had sustained hypertension of 
185/140 mm. Hg, and a pulse of 104. His fundi 
showed marked hypertensive retinopathy with 
papilledema. The basal metabolic rate was 
plus 9 per cent; fasting blood sugar was 121 mg. 
per cent. The Regitine test was positive, and 
the urinary catechol amines were elevated. The 
presacral air test showed a mass on the wrong 
side; the intravenous pyelogram was normal. A 
pheochromocytoma weighing about 30 gm. was 
removed from the right adrenal, and the child 
has since been asymptomatic. A more detailed 
report of this case will be published elsewhere 
by McCue and Coleman. 

The cases in the literature have been sum- 
marized in Tables 1 and tv. There are eighty- 
five cases in all including the two reported 
herein, but details are lacking in some of the 
published reports. The average age of the pa- 
tients was 9.8 years and varied between five 
months and sixteen years. The average dura- 
tion of symptoms was one and a half years and 
varied between two weeks and nine years. The 
average age at which the symptoms first 
appeared was eight and a half years, and varied 
from one month to fourteen years, nine months. 
It may be seen from Table xin that the 
diagnosis was made much more often in 
children between the ages of six and fourteen 
than in the very young or the older age group. 
The maximum incidence was at age thirteen. 
The onset of symptoms most commonly began 
between the ages of five and twelve, with peaks 
at nine and eleven. The sex distribution showed 
that 62.5 per cent of the cases were in males. 

The locations of the tumors show some im- 
portant differences between pheochromocy- 
tomas in children and those in adults. The same 
predilection for the right adrenal as compared 
to the left is present in children, but many more 
of the tumors are bilateral or multiple. Thus, 
39 per cent of the tumors were either bilateral 
or multiple, and 54 per cent were bilateral, 
multiple or extra-adrenal. The implicaton of 
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this is that it is particularly important to use 
the abdominal approach in children because of 
the danger that a pheochromocytoma might 
otherwise be missed. Added weight can be 
given to this argument by the observation that 
the majority of deaths recorded in children 
who were operated upon occurred because a 
second pheochromocytoma had been missed 
at the time the first one was removed. 

There were six tumors which appeared to be 
malignant by histologic criteria, and one be- 
cause it invaded the vein. These criteria are 
difficult to assess, however, because even 
benign tumors sometimes look malignant, and 
invasion of the vein does not necessarily mean 
the tumor will spread. There were two cases 
of proved malignancy with metastases, an 
incidence of 2.4 per cent in the entire series. 

The over-all operative mortality in the pa- 
tients who were operated upon for a pheo- 
chromocytoma was 22 per cent. In those 
patients operated upon since 1954 with better 
technics of preparation, anesthesia, diagnosis 
and exploration, the mortality rate has dropped 
to 11.6 per cent. The causes of death in those 
patients operated upon since 1954 are listed at 
the bottom of Table tv, and it may be seen that 
in three of the five cases the cause of death was 
related to the failure to discover the second 
pheochromocytoma in children with bilateral 
tumors. The operative mortality rate in eleven 
cases of bilateral pheochromocytomas in chil- 
dren is 82 per cent. The first survivals were 
reported by Linke et al. [296] and Clauson [267]. 
The operative mortality rate for multiple, not 
bilateral, tumors in children is 11 per cent. 
It is highly important in children to use the 
abdominal approach and to explore all possible 
sites for a pheochromocytoma. It is also 
important to keep on looking if a fall in blood 
pressure does not occur with the removal of the 
pheochromocytoma. 

It may be seen from Table 11 that almost all 
(92 per cent) hypertension caused by pheo- 
chromocytomas in children is sustained rather 
than paroxysmal. In one case in which the 
hypertension was found to be sustained it had 
previously been paroxysmal, and in fourteen 
cases there was a further elevation of blood 
pressure with the paroxysm. 

It may be seen that the most common 
symptoms are headache, sweating, nausea and 
vomiting, visual changes, weight loss, ab- 
dominal pain, nervousness and palpation, weak- 


ness and fatigue, and pallor. There is also a high 
incidence of polydipsia and polyurea, which 
occur much more frequently in children than in 
adults. Convulsions and dyspnea were seen in a 
number of patients. A prominent feature in 11 
per cent of the patients was a reddish blue, 
mottled, cyanotic discoloration of the hands, 
with edema or swelling. Severe constipation was 
sometimes noted. It is possible that some of the 
symptoms would have been seen in a higher 
percentage of children if they had been more 
carefully looked for. 

Some degree of retinopathy was seen in 
77 per cent of the patients, and the basal 
metabolic rate was elevated to over plus 20 per 
cent in 83 per cent of the patients in whom it 
was obtained. The fasting blood sugar was ele- 
vated to over 120 mg. per cent in 40 per cent of 
the patients in whom it was determined, but 
only two of the children had glycosuria. 
Neurofibromatosis accompanied the pheochro- 
mocytoma in one patient. 

In all twenty-five cases in which they were 
reported, the catechol amines in the urine were 
elevated, frequently to very high levels. The 
plasma catechol amines were usually, although 
not always, elevated. 

Attempts to localize the tumor by intravenous 
pyelography were successful in only eleven of 
thirty-six patients, and attempts to localize it 
by presacral air injections were successful in 
only fourteen of twenty-six patients. Calcifica- 
tion of the pheochromocytoma was found by 
x-ray examination in four patients. The urinary 
17-ketosteroid and 17-hydroxycorticoid secre- 
tion was normal in the few patients in whom it 
was measured. 

Several of the children ran a very rapid 
course, and the condition was not discovered 
until sudden death occurred following some 
minor trauma or a cerebrovascular accident. 
Because the hypertension is usually sustained 
in children, it is doubly important to include a 
measurement of the blood pressure as a routine 
part of their physical examination. 

The high incidence of bilateral, multiple and 
ectopic pheochromocytomas in children, plus 
the rapid and intense course often seen, tend to 
suggest that the pathogenesis of the disease in 
childhood may involve factors which are not 
operative in the adult. The most likely suspects 
are the advent of puberty with its associated 
endocrine changes, and the influence of the 
growth hormone. The maximal incidence of on- 
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set of the disease at the ages of nine to eleven 
may bespeak the former concept, and there has 
recently been some experimental evidence 
which may be construed as supporting the latter 
concept. Moon et al. [339] injected male rats 
with growth hormone over a fifteen-month 
period. They found that in nine of sixteen rats 
so injected pheochromocytomas developed, 
while this tumor was not seen in any of the 
controls. Only with respect to the adrenal 
medulla was the incidence of tumor formation 
greater in the injected rats than in the controls. 
Of the nine pheochromocytomas, five were 
bilateral. No hypertension developed in any of 
the rats, however. 


DIAGNOSIS 


It is important to differentiate between pa- 
tients with pheochromocytomas and those with 
other types of hypertension. Hypertension 
warrants careful investigation if it is associated 
with: (1) any sort of attack; (2) diabetes or an 
elevated fasting blood sugar, especially between 
the ages of twenty and fifty and if the basal 
metabolic rate is elevated; (3) an elevated basal 
metabolic rate or clinical hypermetabolism, 
especially in the presence of a normal serum 
cholesterol and the absence of an elevated 
plasma protein-bound iodine, and increased 
thyroid radioactive iodine uptake; (4) the 
absence of renal disease or coarctation in 
children [318,338]; (5) postural hypotension, 
vasomotor phenomenon, an elevated tempera- 
ture or excessive sweating [104]; (6) pregnancy, 
especially with persistent headaches, vomiting 
and perspiration in the last trimester, hyper- 
tension in the first trimester, or a hypertensive 
episode or shock during delivery or in the 
postpartum period; (7) neurofibromatosis; (8) a 
familial history of pheochromocytoma; (9) a 
previously removed pheochromocytoma; (10) a 
positive reaction to the Regitine test; and 
(11) weight loss or failure to gain weight in a 
thin person. 

The diagnosis of pheochromocytoma should 
also be considered in patients, with or without 
hypertension, in whom severe hypertension 
develops on induction of anesthesia or un- 
explained hypotension develops following some 
minor injury or operation. 

The best method for establishing the diag- 
nosis is by the measurement of urinary catechol 
amines. If the patient has paroxysmal hyper- 
tension and the catechol amines are not ele- 


vated, a histamine test should be performed 
with simultaneous collections of blood samples 
for catechol amine content, and a urine collec- 
tion taken over the two-hour period following 
the test. Although the Regitine test may be a 
convenient one for screening, all patients with 
positive reactions must be further checked with 
catechol amine studies because of the high 
incidence of false positive reactions. False 
negative reactions, although much less common, 
also occur, so that complete reliability cannot 
be ascribed to this test. Furthermore, the test is 
not without danger [335,342]. 

Several recent reports emphasize various 
diagnostic points in the detection of pheo- 
chromocytomas [340-349]. 


LOCALIZATION OF THE 
PHEOCHROMOCYTOMA 


The tumor is palpable in 14 per cent of cases 
[49]. In those cases in which it is not palpable it 
can sometimes be located by tomography, 
calcification seen on x-ray film [219,271,273,281, 
321,352], or by the production of a hypertensive 
attack by massage in a particular area [153,326]. 

Intravenous pyelography may demonstrate 
the location of a tumor which is distorting the 
renal pelvis or displacing the kidney in 56 per 
cent of unselected cases [49] and 31 per cent of 
the cases in children. (Table 11.) 

Presacral air injection has been a popular 
method to localize the tumor, but is not without 
some danger and may give completely mis- 
leading results. Positive results were obtained 
in about 40 per cent of unselected cases [49] and 
54 per cent of the cases in children. (Table 1.) 

Aortography has also been utilized for 
localization [350,351,353,354], but is dangerous 
[353] and has caused death [357]. 

When localization is particularly desired 
(following negative exploration, intra- 
thoracic or other extra-adrenal tumors, in the 
presence of functioning distant metastases, 
etc.), a catheter may be inserted into the vena 
cava to obtain samples of blood at different 
levels for catechol amine determinations [165, 
171]. Localization may be achieved by this 
means. 

We do not believe that localization is essen- 
tial for most patients, as the abdomen should 
be explored through a generous transverse in- 
cision anyway. Presacral air insufflation has fre- 
quently been confusing and we no longer use it. 
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.n intravenous pyelogram and x-ray films of 
he chest are obtained. 


TECHNIC 


The two most commonly used approaches to 
he adrenal are the transabdominal [355,357- 
62] and the approach through the loin [49,85, 
56]. Priestley [362], Kvale et al. [360], Cahill 
ind Papper [359], and Brady and Flandreau 
358] have all recommended the transabdominal 
.pproach in cases of pheochromocytoma. 
Bartels and Cattell [356], DeCourcy and 
DeCourcy [85], and Graham [49] have recom- 
mended the loin approach. If the tumor has not 
been localized, Graham goes so far as to 
recommend performing abdominal laparotomy 
to rule out bilateral tumors or those inaccessible 
from the loin, and to localize the tumor. Once 
the tumor has been localized, he recommends 
closing the abdominal incision and using a loin 
approach for the removal of the tumor. 

We have utilized six different operative ap- 
proaches to the adrenal for various conditions, 
and believe that each may have a particular 
advantage under certain circumstances. We 
think, however, that the best operative ap- 
proach to the adrenal in almost all cases of 
pheochromocytoma is the transverse upper 
abdominal incision (Fig. 3) with the two 
lateral limbs located just beneath the costal 
margins and the apex curving upward across 
the epigastrium. The advantages of this 
approach are that it allows the exposure of both 
adrenal areas, both sympathetic chains and the 
abdominal aorta. It is essential to be able to 
expose these areas since 9 per cent of pheo- 
chromocytomas are bilateral and 10 per cent 
are located in extra-adrenal sites. These per- 
centages are even higher in children. Explora- 
tion through a flank incision has resulted in 
failure to find a pheochromocytoma present in 
the opposite adrenal [231,276,297] even when 
the other adrenal has been palpated through an 
incision into the peritoneum [231] and bilateral 
explorations of the flanks have failed to reveal 
a pheochromocytoma present in an extra- 
adrenal site [122]. Patients with pheochromo- 
cytomas are usually, although not always, thin, 
so exposure is relatively easy. 

Palpation of both adrenal areas is first 
performed. If the tumor is felt on one side, that 
side is explored first. If none is felt, and no 
tumor is present along the sympathetic chain 
adjacent to the kidneys or along the aorta, the 
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Fic. 3. Bilateral exposure of the adrenals is achieved 
through a transverse upper abdominal incision. 


left side is always explored first because it is 
easier. 

The left adrenal may be exposed through the 
gastrocolic omentum, by reflecting the splenic 
flexure medially, or through the transverse 
mesocolon as suggested by Brady and Flan- 
dreau [358]. The first two approaches are 
illustrated in Figures 4 and 6. We prefer the 
approach through the gastrocolic omentum as 
illustrated in Figures 4 and 5. The posterior 
peritoneum is divided beneath the lower border 
of the pancreas, and the perirenal fascia is 
entered after retracting the pancreas upward. 
This approach usually makes it possible to tie 
off the adrenal veins early in the dissection, and 
gives a good exposure of the gland, as shown in 
Figure 8 which was taken during an operation 
for pheochromocytoma. 

Exposure of the right adrenal is accomplished 
by dividing the peritoneum lateral to the 
duodenum after retracting the hepatic flexure 
downward. The duodenum and pancreas are 
retracted medially, the liver upward and the 
kidney downward, thus exposing the adrenal. 
The adrenal is usually partially tucked under 
the vena cava and can be further exposed by 
rolling the vena cava medially with a bit of 
gauze held in a clamp. (Fig. 7.) 


Fic. 4. Exposure of the left side is achieved by dividing 
the gastrocolic ligament and incising the posterior 
peritoneum along the lower border of the pancreas. 


Fic. 6. An alternate approach to the left adrenal. The 
peritoneum lateral to the splenic flexure is divided, and 
the splenic flexure is retracted medially. The perirenal 
fascia is opened, and the adrenal exposed. 


PREOPERATIVE, INTRAOPERATIVE AND 
POSTOPERATIVE CARE 


Preoperatively it may be desirable to 
administer an intravenous [369] or oral adreno- 
lytic substance to reduce the patient’s blood 
pressure and improve his general condition [235, 
268,286,288,297, 306,31 3,328,331]. This is espe- 
cially true in children. Regitine is perhaps the 
best substance now available for this purpose, 
and may be given in doses of 5 to 75 mg. every 


Fic. 5. The perirenal fascia is opened, exposing the 
adrenal. The pancreas is retracted upward, and the 
transverse colon downward. 
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Fic. 7. Exposure of the right side is obtained by 
retracting the hepatic flexure downward and dividing 
the peritoneum lateral to the duodenum. The right lobe 
of the liver is mobilized enough to permit adequate 
retraction. The duodenum is retracted medially, and 
the vena cava is rolled medially to better visualize the 
adrenal. 


two hours for several days prior to operation, 
depending on the patient’s response [287]. 
Thorazine® may also be utilized. The blood 
corticosteroid response to an _ intravenous 
infusion of ACTH may be useful in assessing 
adrenocortical function, although this is almost 
always normal. Just before beginning the 
anesthesia, an intravenous injection of 5 mg. 
of Regitine should be given. Although it has 
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seen stated that larger doses are not dangerous 
243], they have been known to cause serious 
ifficulty [367]. We prefer induction, with 
entothal used sparingly, since reactions have 
ecurred to large doses, with the introduction 
f an endotracheal tube after spraying the 
irynx with a local anesthetic. The patient is 
hen maintained on nitrous oxide and oxygen 
nesthesia supplemented with Demerol.® Re- 
axation is achieved with succinylcholine. 
Precautions should be taken to absorb carbon 
lioxide as completely as possible [288,368]. 
Chere are at least theoretic reasons for avoiding 
ther, ethylene-ether, cyclopropane or spinal 
inesthesia. Dibenamine [364], curare and 
atropine are also probably best avoided. 

A great advance in the intraoperative 
management [366] of the patient was brought 
about when Grimson et al. [365] first utilized 
Regitine to control blood pressure during an 
operation for pheochromocytoma. We utilize 
the drug in 5 mg. increments given intra- 
venously as frequently as necessary to control 
the blood pressure. Following excision of the 
tumor, profound hypotension may suddenly 
occur. This can be counteracted by the 
administration of an intravenous infusion 
containing 8 mg. of norepinephrine per 1,000 cc. 
of 5 per cent dextrose in water. The rate should 
be adjusted to that required to maintain blood 
pressure. A stronger solution may be necessary 
in case the weaker solution will not satis- 
factorily maintain the blood pressure. It may 
be necessary to maintain a norepinephrine drip 
for thirty-six hours or longer postoperatively, 
although usually the drug can be tapered off 
and discontinued in the first twenty-four hours. 
If the pheochromocytoma has been bilateral, 
adrenocortical insufficiency may occur after 
excision of the tumors, and hydrocortisone 
should be available for administration during 
the operation in doses of 100 mg. the first four 
hours, 100 mg. the next eight hours and 100 mg. 
the following twelve hours. The drug can then 
be gradually tapered down in the usual fashion 
in the postoperative period until it is possible to 
ascertain whether or not the patient has adrenal 
insufficiency by means of an ACTH test. 

Because cardiac arrest may occur as a 
complication with the induction of anesthesia or 
during the operative procedure itself, it is wise 
to prepare the left chest and drape it so that 
cardiac massage can be performed under sterile 
conditions should it become necessary. 
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Fic. 8. A pheochromocytoma of the left adrenal exposed 
through the approach shown iy Figures 4 and 5. Several 
of the veins draining the tumor have already been tied 
off. Visualization is good. 


CONCLUSIONS 


Some aspects of the diagnosis and manage- 
ment of patients with pheochromocytomas are 
discussed, and pheochromocytomas occurring 
in children are reviewed. The familial occur- 
rence of the disease and its association with 
neurofibromatosis and pregnancy are referred 
to. Evidence for the reliability of catechol 
amine determinations in establishing the diag- 
nosis is presented. Twenty-one cases are 
reported. 
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Anterior Transabdominal Adrenalectomy 
for Endocrine Disease 
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HE operative approaches to the adrenal 
Tae are many and varied [1,2]; however, 
an anterior or transabdominal approach to the 
adrenal glands when operating for endocrine 
disease seems advisable for a number of reasons. 
(Fig. 1.) First, all adrenal tissue may be exam- 
ined before coming to a final conclusion on the 
definitive operative procedure [3]. Second, the 
presence of an unilateral or bilateral adrenal 
tumor may be determined. In addition, sites of 
cortical rests may be examined for aberrant 
adrenal tissue [4]. Finally, exploration for 
ovarian disease simulating cortical hyperfunc- 
tion or tumor is possible. For these reasons, a 
practical anterior transabdominal approach 
permitting exposure of all adrenal tissue includ- 


ing sites of cortical rests as well as exploration 
for ovarian disease will be described. . 

This report is based upon twenty-three pa- 
tients submitted to adrenalectomy since July 
1950. The endocrine problems treated by total 
or subtotal adrenalectomy include: twelve pa- 
tients with primary Cushing’s syndrome, two of 
whom had tumors of the adrenal cortex; two 
patients with Cushing’s syndrome secondary to 
pituitary tumor; three with primary aldo- 
steronism including two with solitary ade- 
nomas; one with congenital virilism associated 
with an adrenocortical carcinoma; three with 
pheochromocytomas; and two with Kim- 
melstiel-Wilson’s disease. The one death in the 
series resulted from hemorrhage secondary to 
an abnormal clotting mechanism in one of the 
patients with a pituitary tumor. Indications for 
adrenalectomy including pre- and postoperative 


Fic. 1. An anterior transabdominal approach permits exposure of all adrenal 
tissue, including sites of cortical rests, as well as exploration for ovarian disease 
before deciding upon definitive operative procedure. 
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Fic. 2. Anatomic cross section indicating the position of the adrenal glands and 
the abdominal viscera which must be mobilized to assure the necessary ex- 
posure for an anterior approach. Note that each adrenal is encased within 
Gerota’s fascia, a fact that makes visualization by presacral CO, insufflation 


feasible. 


management are well covered in other sections 
of this symposium and will not be discussed 
herein. 


The pertinent anatomic facts allowing suffi- 


Fic. 3. A liberal midline upper abdominal incision is 
preferred with a hockey-stick extension to the left over 
the xyphosternal notch. If exposure is difficult, the 
xyphoid process may be excised or the incision may be 
extended around the umbilicus and as far inferiorly as 
possible, 


cient mobilization for adrenalectomy under 
direct vision are presented in Figure 2. 


MOBILIZATION AND EXPOSURE OF THE 
ADRENAL GLANDS 


A liberal midline upper abdominal incision is 
preferred with a hockey-stick extension to the 
left over the xyphosternal notch. (Fig. 3.) If 
exposure is difficult, the xyphoid process may 
be excised or the incision extended around the 
umbilicus and as far inferiorly as necessary. 
Following a thorough examination of the 
abdomen, including a search for ectopic adrenal 
tissue and ovarian disease, both adrenal glands 
are sufficiently exposed to determine the 
presence of a tumor before proceeding with 
resection of either gland 

With gentle traction exerted on the gastro- 
colic ligament superiorly, the avascular attach- 
ments of the fatty omentum to the taenia of the 
distal portion of the transverse colon are incised 
giving a direct entrance into the lower sac. 
(Fig. 4A.) Care is taken to avoid excessive 
traction on the splenocolic ligament until it is 
divided between clamps and ligated, for fear of 
tearing the splenic capsule which would neces- 
sitate splenectomy. The triangular phrenocolic 
ligament attaching the posterior portion of the 
splenic flexure to the abdominal parietes and 
diaphragm is then divided with long curved 
scissors. The avascular peritoneal reflection on 
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Anterior Transabdominal Adrenalectomy 


Fic. 4. Diagrammatic sketch illustrating mobilization of the splenic flexure of the colon as the first step in exposure 
of the left adrenal gland. The areas marked off by dotted lines in (B) represent the lesser sac and the retroperitoneal 
space. The kidney and adrenal still lie within Gerota’s fascia. 


the lateral aspect of the descending colon is then 
incised. Having mobilized the left colon toward 
the midline by gentle dissection of the loose 
avascular tissue, attaching its mesentery to the 
posterior abdominal wall, the entire splenic 
flexure may be turned downward and medially 
exposing the left kidney and the corresponding 
adrenal gland lying behind a layer of retro- 
peritoneal fat and within Gerota’s fascia. 
(Fig. 4B.) A vertical incision is now made in 
Gerota’s fascia of sufficient length to permit 
direct visualization and palpation of the left 
kidney and the crescent-shaped left adrenal ly- 
ing in close approximation to its superior pole. 
(Fig. 5.) Having satisfied oneself that no tumor 
is present, the right adrenal gland is exposed in 
a similar manner. (Fig. 6A.) 
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Fic. 5. A vertical incision in Gerota’s fascia (A) permits direct visualization of the left kidney as noted in 
(B). Oneis now able to mobilize the kidney and superimposed adrenal gland downward and anteriorly (C). 


The hepatocolic ligament and the avascular 
attachments of the gastrocolic omentum to the 
taenia of the proximal transverse colon are 
incised permitting gentle dissection of the loose 
avascular tissue, attaching the large bowel to 
the duodenum near the junction of its second 
and third portions. The incision in the hepato- 
colic ligament is extended inferiorly in the 
peritoneal reflection close to the lateral wall of 
the ascending colon, permitting mobilization 
of the entire hepatic flexure inferiorly and 
toward the midline, exposing the right kidney 
lying within its perirenal fascia. Not infre- 
quently the anterior layer of Gerota’s fascia on 
the right side is closely fused to the peritcneum, 
and in these instances the lower pole of the right 
kidney will be visualized directly. 
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Fic. 6. A, following mobilization of the hepatic flexure 
of the colon, an incision is made in the peritoneum 
lateral to the descending duodenum preliminary to 
Kocher’s maneuver. The areas included by dotted lines 
represent the retroperitoneal space and the portion of 
duodenum previously covered by the colon. B, a 
vertical incision in Gerota’s fascia permits visualization 
of the right kidney and superimposed adrenal as 
demonstrated in (C). 


Mobilization of the duodenum by the Kocher 
maneuver facilitates subsequent steps neces- 
sary to visualize the right adrenal. (Fig. 6B.) 
The second portion of the duodenum is grasped 
with Babcock forceps and its avascular lateral 
peritoneal reflection is divided with scissors. 
The descending duodenum can now be sepa- 
rated from the perirenal fat posteriorly by 
gentle finger dissection, and the retroduodenal 
space is exposed by turning the duodenum 
forward and to the left. The inferior vena cava 
and the anterior medial surface of the adrenal 
may now be identified. (Fig. 6C.) A vertical 
incision is made in Gerota’s fascia permitting 
direct visualization and palpation of the right 
kidney and the pyramidal or conical-shaped 
right adrenal gland lying in apposition to the 


Fic. 7. Diagrammatic representation of arterial and 
venous blood supply of the adrenal glands. The pre- 
ferred order of division of the vascular pedicles of the 
adrenal glands for subtotal resection is indicated by the 
circled numbers. Note that the dissection joining the 
pedicles is accomplished within the periadrenal fat. 
Caution injury to the right central vein when it empties 
into the renal vein as shown, rather than directly into 
the vena cava from the medial border of the right 
adrenal gland. The shaded area of the right adrenal 
indicates the 60 to 70 per cent resection considered 
satisfactory for subtotal removal of adrenal tissue. 


superior portion of the anteromedial border of 


the kidney. (Fig. 6C.) 
RIGHT SUBTOTAL ADRENALECTOMY 


Having ruled out the presence of tumor in 
either adrenal gland, one may proceed with 
either subtotal or total adrenalectomy as 
planned. If subtotal removal of adrenal tissue is 
indicated, then left total and right subtotal 
adrenalectomy is preferred for several reasons. 
First, the technical difficulties of total removal 
of the right adrenal, lying in close proximity to 
the vena cava with its central vein emptying 
directly into this vessel, are far greater than 
total removal of the contralateral gland. 
Furthermore, the aortic and phrenic branches 
of the right adrenal cross behind the vena cava 
to enter the posterior aspect of its anteromedial 
surface. Subtotal resection, therefore, may be 
accomplished with little fear of compromising 
either the source of arterial blood or the major 
venous return, as long as the anterior and 
medial aspects of the gland are left undisturbed. 
(Fig. 7.) 

Taking care that the central vein does not 
enter the right renal vein, presupposing injury 
to this important structure, the inferior vascu- 
lar pedicle containing the arterial branches from 
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Anterior Transabdominal Adrenalectomy 


he right renal artery is developed and divided 
yetween clamps. The filmy fascial attachments 
ying between the adrenal and kidney are then 
livided, and the posterior surface of the gland 
s freed by gentle dissection from the anterior 
ind superior surfaces of the kidney and the 
ower extent of the diaphragm. 

The peritoneum of the hepatocolic ligament 
may require division to identify and free the 
superior border of the adrenal which not infre- 
juently lies in close proximity to the “bare 
area” of the liver. With gentle traction on a 
right-angle clamp applied to the perirenal fat 
near the junction of the freed superior and 
inferior borders, the adrenal presents as a 
pyramid with its anteromedial surface as its 
base. A curved Potts clamp is applied across the 
gland so that between 60 and 70 per cent of the 
right adrenal may be excised; the cut surface 
then is approximated with interrupted mattress 
sutures to control bleeding. Although the 
anteromedial surface and that portion of the 
adrenal tissue lying behind the cava has not 
been visualized, a satisfactory estimate of the 
size of the remnant may be determined by 
comparing the weight of that portion removed 
to the total weight of the contralateral gland. 
It should be remembered that an accurate 
weight is not possible without careful dissection 
of all the periadrenal fat. In my experience, left 
total adrenalectomy combined with 60 to 70 
per cent removal of the right adrenal is 
sufficient to control cortical hyperfunction 
without the need of replacement therapy. One 
of twelve patients undergoing subtotal resec- 
tion of the adrenal glands for Cushing’s syn- 
drome required cortisone replacement equiva- 
lent to that required by patients having total 
adrenalectomy. In this patient, 85 per cent of 
the partially resected gland had been removed. 
One patient undergoing 50 per cent resection 
failed to respond and re-resection was required 
to control the disease process. Further experi- 
ence may result in a more accurate rule of 
thumb. 


TOTAL VERSUS SUBTOTAL ADRENALECTOMY 


It should be remembered that cortisone re- 
placement therapy is vital following total re- 
moval of the adrenal glands and that total 
replacement therapy for the remaining span of a 
patient’s life is exceedingly expensive. It is 
hoped that with increasing experience a large 
number of these patients will have had sufficient 
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amounts of gland removed to control the mani- 
festations of hypersecretion and yet have 
sufficient residual function to maintain optimum 
physiologic activity [5]. We recognize that this 
goal will not always be achieved; the two 
alternate possibilities referred to previously 
include: (1) insufficient resection, so that with 
continued chronic stimulation the remnant be- 
comes hyperplastic and symptoms recur; or (2) 
the remnant may be inadequate and, possibly 
from a disturbance of its blood supply, total 
atrophy may result. 

It is my hope that with increasing experience 
these two undesirable end results will decrease 
in frequency or be abolished entirely. Un- 
fortunately, the total surgical experience to 
date has not been sufficient to permit an 
absolute answer to the optimum amount of 
resection. I believe that severe hypertension, 
as indicated by the presence of cardiac enlarge- 
ment, is the sole indication for total adrenalec- 
tomy, since in these instances even a small 
remnant may permit the maintenance of the 
hypertension [6]. 


RIGHT TOTAL ADRENALECTOMY 


If right total adrenalectomy is indicated, the 
right margin of the vena cava is gently re- 
tracted medially, and the right adrenal vein or 
central vein is isolated and divided between 
long, curved, narrow, vascular hemostats and 
ligated. If technical problems arise, silver clips 
may be applied before cutting the vein. The 
latter method is preferred if one vein is ex- 
tremely short. Once the central vein is divided, 
the remaining gland is easily separated from the 
vena cava. Small arterial branches from the 
aorta coursing behind the vena cava are usually 
present and require division and ligation. Al- 
though the superior pole of the right adrenal 
may extend upward behind the right edge of the 
vena cava, it can usually be dissected free with 
no difficulty. Resection is completed by divid- 
ing and ligating the superior vascular pedicle 
containing a branch of the right phrenic artery. 


LEFT TOTAL ADRENALECTOMY 


With the left kidney rotated downward and 
anteriorly through the opening in Gerota’s 
fascia, the fingers of the right hand are intro- 
duced behind the kidney, and the loose areolar 
tissue attaching the posterior surface of the 
adrenal to the diaphragm is gently dissected. 
The superior vascular pedicle containing an 
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arterial branch of the left phrenic artery is 
developed using the index and middle fingers as 
an encircling retractor. The superior pedicle 
may now be brought downward and forward, 
and then divided between right-angle clamps 
and ligated on the proximal side. The right- 
angle clamp next to the adrenal is left in place 
as a retractor. The filmy fascial attachment be- 
tween the curved lateral border of the adrenal 
and the kidney is divided, and the inferior and 
posterior surface of the adrenal is separated 
from the kidney. With gentle traction on the 
right-angle clamp applied to the superior pole, 
the remainder of the major adrenal vessels may 
be individually identified, divided and ligated. 
In most instances it is possible to identify the 
central vein, a branch from the left renal artery 
and one or more aortic branches entering into 
the medial border of the gland. 

Meticulous attention to hemostasis before 
closure and careful approximation of the 
surgical incision is essential because of the 
natural bleeding tendencies and poor wound 
healing manifested by these patients. The 
abdominal incision is further protected by a 
carefully applied dressing reinforced with a 
many-tailed binder. 


PRECAUTIONS DURING OPERATION 


If the patient has sufficient corticoid reserve, 
anesthesia presents no particular problems 
other than those associated with obesity, 
regardless of cause. A combination of Pen- 
tothal,® cyclopropane, oxygen anesthesia with 
curare for relaxation, and with an intratracheal 
tube in place to assure an adequate airway and 
permit assisted breathing, has proved quite 
satisfactory. Injury to bone secondary to 
marked osteoporosis has not been a problem 
but certainly should be kept in mind when 
moving or positioning the patient. 

Hypotension and a rising pulse rate occurring 
soon after induction of anesthesia may indicate 
unsuspected chronic shock during which a 
depleted blood volume was masked by an 
increased red cell mass seen frequently in 
Cushing’s syndrome. In this instance adminis- 
tration of whole blood, plasma or albumin is 
indicated. 

Adrenal insufficiency must always be con- 
sidered when hypotension occurs which is in- 
consistent with blood loss either during or after 
operation. Although the pulse rate usually 
remains unchanged with early adrenal in- 
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sufficiency, it should be remembered that 
patients receiving or recovering from cyclo- 
propane anesthesia frequently have a slow pulse 
in the presence of hemorrhage. Active blood loss 
must also be considered as a possibility when 
unexplained hypotension occurs early in the 
postoperative period, even in patients with a 
normal or only slightly elevated pulse rate. A 
deficiency of cortisol and so-called cyclopropane 
shock may be differentiated by giving very 
small amounts of a vasopressor which should 
control the hypotension resulting from cyclo- 
propane within a short interval. Five milli- 
grams of Neo-Synephrine® is placed in 1 L. of 
5 per cent dextrose solution and infused by slow 
intravenous drip. If the blood pressure has not 
returned to normal by the time 100 cc. is 
injected, adrenal insufficiency must be con- 
sidered. In this instance 100 mg. of hydro- 
cortisone dissolved in 10 cc. of sterile water is 
injected intravenously in divided doses over a 
twelve-minute period or until the blood pressure 
responds (2.5 cc. or 25 mg. every three minutes 
for four doses of hydrocortisone). If the blood 
pressure responds, hydrocortisone is continued 
slowly by intravenous drip. 


SUMMARY 


1. The rationale and operative technic of the 
anterior transabdominal approach to adrenalec- 
tomy is presented. 

2. The arguments for and against total 
versus subtotal adrenalectomy for Cushing’s 
syndrome without cortical tumor are reviewed. 

3. Precautions required during operation 
are stressed. 
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HE discovery in 1952 of a hormone of 

adrenal cortical origin specifically con- 
cerned with electrolyte metabolism opened up 
1ew possibilities for investigation into surgical 
metabolism, answered some questions and 
raised a great many more. It also made possible 
the understanding of a dramatic clinical syn- 
drome which surgeons would be called upon to 
manage. In the field of endocrine physiology as 
related to surgery this substance, therefore, 
deserves consideration. Since the physiologic 
properties of aldosterone can be only briefly 
discussed here, the excellent recent reviews on 
the subject should be consulted [2,7,21,22]. 


BACKGROUND 


For several years prior to the isolation of 
aldosterone, there was evidence to suggest the 
presence of substances in the adrena! gland 
which, although they had been neither isolated 
nor chemically identified, were predominantly 
concerned with electrolyte metabolism. Follow- 
ing the separation of crystalline compounds, 
such as compound E, compound F and the 
other relatives of corticosterone, it was evident 
that the so-called “amorphous fraction” of 
adrenocortical abstracts from which the afore- 
mentioned substances had been removed 
retained potent life-maintaining properties 
when administered to adrenalectomized ani- 
mals. A considerable body of evidence existed 
regarding the regulation of the postulated 
electrolyte-active material. Houssay and Sam- 
martino had noted that the zona glomerulosa of 
the adrenal did not atrophy following hypophy- 
sectomy, and Greep and Deane, observing the 
changes in size of the zona glomerulosa and the 
zona fasciculata under the influence of ACTH 
and following changes in the electrolyte com- 
position of the diet, had reached the conclusion 
that the zona glomerulosa produced a sub- 
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stance related to electrolyte metabolism which 
could be released without the participation of 
anterior hypophyseal corticotrophic activity 
[29,34]. Analogous experiments in humans from 
our laboratory showed that the imposition of a 
low sodium, high potassium dietary intake 
resulted in appropriate sodium retention with 
neither increase in output of 11-oxy-, 17-hydrox- 
ycorticoids nor reduction in eosinophils, events 
which would have taken place had pituitary 
corticotrophic activity been responsible for the 
adrenal response to this alteration in electrolyte 
environment [67]. Gordon et al., Deming and 
Luetscher, and others had observed, moreover, 
that in the urine of pregnant women and pa- 
tients suffering from cirrhosis and other condi- 
tions characterized by sodium retention mate- 
rials could be extracted which would produce 
sodium retention in assay animals [12,16,27]. 
Finally, the study of surgical patients and 
persons who had undergone accidental trauma 
indicated that their retention of sodium and 
excretion of potassium was greater than could 
reasonably have been accounted for by 
metabolities of compound F and related sub- 
stances which were measured in the urine. 
Therefore, surgeons were also interested in the 
search for a pure “mineralocorticoid.” In 1952 
the brilliant work of Simpson and Tait in 
England, in collaboration with Reichstein and 
his co-workers in Basel, resulted in the isola- 
tion of “electrocortin,” a steroid which was 
renamed aldosterone after its chemical struc- 
ture had been ascertained [55]. (Fig. 1.) 


CHEMISTRY AND METHODS 


Progress in the isolation and measurement of 
aldosterone was slow until Dorfman et al. [17] 
developed a very sensitive assay to test the 
salt-retaining properties of steroids utilizing 
the sodium:potassium excretion ratio of 
adrenalectomized rats and mice. Spencer [57], 
using this type of assay, found “‘salt-retaining” 
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Fic. 1. Chemical structure of aldosterone. 


activity in the adrenal venous plasma of dogs. 
Deming and Luetscher [16] found ‘“salt- 
retaining” activity in certain types of human 
urine. Isolation and identification of this sub- 
stance was made possible by two advances in 
technology which also occurred in the late 
1940's: the development of steroid chromatog- 
raphy by Zaffaroni and Bush and the introduc- 
tion of micro-spot tests for the a-ketol group 
(tetrazolium salts) and the A‘-3 ketone group 
(NaOH fluorescence) by these same investiga- 
tors. Utilizing these technics, Simpson and 
Tait were able to isolate and crudely identify a 
salt-retaining substance. They subjected a 
potent commercial lipoadrenal extract to 
chromatography in Zaffaroni’s propylene glycol- 
toluene system and eluted serial areas to be 
assayed in adrenalectomized rats. One area of 
the chromatogram contained most of the 
sodium-retaining activity. Use of the micro- 
spot tests revealed that the substance was a 
A‘-3 ketone that contained a a-ketol group and 
was not related to any known salt-retaining 
substance. This method of isolation became the 
basis of all physicochemical determinations of 
aldosterone [54,55]. 

As recently as 1957 bioassay of crude or 
semipurified extracts was in general use. Al- 
though important data accrued from these 
procedures, misleading information was also 
obtained (notably on the effects of ACTH). 
Dyrenfurth and Venning [78] finally demon- 
strated that prior to bioassay, extracts would 
need to be isolated to the same extent as was 
required for chemical measurement. 

Neher and Wettstein [50,51] published the 
first physicochemical method for the estimation 


of aldosterone based on the separation described 
by the Taits. Their excellent method was later 
subjected to abuse when other workers tried to 
modify the test by performing the blue 
tetrazolium color reaction in a spectrometer. 
This removed the built-in safety device of the 
original method which required that blue 
tetrazolium reduction (BTZ) should equal 
NaOH fluorescence in the presence of a pure 
steroid. Too frequently the BTZ and NaOH 
fluorescence did not agree. The introduction 
of the chromatographic system of isooctane- 
tertiary-butanol/water (E2B) [20] in place of 
the Bush C system in the Neher and Wettstein 
method partially solved this problem. This 
method was used in our laboratory from 1956 
to 1958. Similar methods have been described 
by Nowaczynski et al. [52], Dyrenfurth and 
Venning [18], and Mattox and Lewbart [44]. 
Such systems which attempt to separate pure 
aldosterone require as many as four stages of 
chromatography. Methods in which acetylation 
and CrQ; oxidation are utilized require fewer 
stages of chromatography to achieve confidence 
in the purity of the isolated aldosterone. Ayres 
and co-workers, Gornall et al. and Sobel and 
associates [4,28,56] utilize the diacetate of 
aldosterone at some step in their procedures. A 
superior method employs initial chromatog- 
raphy as aldosterone in the propylene glycol- 
toluene system, followed by chromatography as 
aldosterone-18, 21-diacetate in the Bush B; or 
Peterson I systems, and subsequent chromatog- 
raphy as aldosterone-21-acetate 11-18 lactone 
in the Bush B; or Peterson 1 systems. This is 
the procedure now used in this laboratory. Re- 
gardless of the method used, it is required that 
the final “spot” produce equivalent fluorescence 
with both BTZ and NaOH. These chemical 
methods have been used for the estimation of 
aldosterone in the adrenal venous blood of the 
dog and in human urine. They possess a sensi- 
tivity of 0.2 ug. with a precision of +40 per cent 
and remain superior for the measurement of the 
acid labile conjugate of aldosterone in urine. 
Normal values for this conjugate range from 1 
to 10 ug. per twenty-four hours. 

In order to measure aldosterone in human 
plasma (0.03 ug. per 100 ml. of plasma) and 
adrenal venous blood, more sensitive methods 
are required. Following the initial work of the 
Taits [3], Kliman and Peterson [35] perfected a 
double isotope (tritium-carbon"™) derivative 
method in which aldosterone was acetylated 
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with acetic-H?-anhydride to form its diacetate. 
After two stages of chromatography this 
diacetate was converted to aldosterone-21- 
icetate-H’, 11-18 lactone for the third stage 
of chromatography. Aldosterone-18, 21-di- 
icetate-C'4 was added to this procedure after 
acetylation to measure loss during the determi- 
nation. This method required the assumption 
that the substance recovered in the final stage 
was aldosterone monoacetate, a disadvantage 
which was overcome in our laboratory by serial 
elution of the final chromatogram and the 
requirement that the C'* and H# distribution 
curves superimpose. It possesses a sensitivity 
of 0.001 ug. (three times background) which 
is adequate to measure aldosterone in 1 to 
2 ml. of adrenal venous blood or 30 to 50 ml. of 
human peripheral plasma. A similar method 
using the I'*! and S* pipsyl derivations of 
aldosterone was developed by Bojesen [4g]. 


PHYSIOLOGY OF ALDOSTERONE REGULATION 


The mechanism by which aldosterone is pro- 
duced and released is a matter of intense current 
interest and has incited some extraordinarily 
interesting investigations. That the zona 
glomerulosa is indeed, as predicted by Greep, 
the locus of aldosterone synthesis has been 
confirmed by extraction of this area in humans 
and animals [26]. As was also predicted by 
earlier work, its mobilization and subsequent 
excretion in the urine is stimulated by low 
sodium intake. This result occurs without the 
production of compound F or other steroids 
which are known to be released following 
pituitary corticotrophic stimulation [40,41]. 
Furthermore, the response to sodium depriva- 
tion proceeds normally in the absence of the 
pituitary gland. Although it was _ initially 
deduced from these observations that ACTH 
had nothing to do with aldosterone release under 
any circumstances, it is now known that this is 
not true. ACTH administration is associated 
with an increase in the adrenal output of 
aldosterone and its urinary metabolites [27,22]. 
Consideration of the total steroid picture, how- 
ever, can differentiate an “ACTH type” 
response in which relatively proportional in- 
creases of compound F are seen and a “sodium 
restriction type” response in which large out- 
puts of aldosterone metabolites can be meas- 
ured without the production of compound F. 

What then mediates the response in which 
aldosterone is rapidly released from the zona 


glomerulosa during sodium deprivation? Early 
speculations that this could be a direct action 
of reduced circulating sodium ion were con- 
clusively disproved. Liddle and Bartter pointed 
out that reduction of serum sodium, such as can 
be achieved by withholding this ion and 
administering water and Pitressin,® actually 
causes a decrease in aldosterone output [36]. 
Since dehydration causes an increase in 
aldosterone production, Bartter and his col- 
leagues turned their attention to the study of 
the circulating volume and in particular the 
quantity of blood which perfuses the arterial 
vascular tree [7]. This provides a mechanism 
through which not only sodium restriction but 
also many other circumstances of normal and 
diseased physiology can influence aldosterone 
output. The validity of this principle is 
emphasized by the potent effect on aldosterone 
release achieved by such procedures as occlu- 
sion of the inferior vena cava, which caused no 
change in the over-all circulating volume but a 
serious reduction in the circulation in the 
chambers of the heart and the arterial circuit. 
Since, in order for such a vascular mechanism to 
operate, “stretch” receptors must be involved, 
intensive investigation is in progress to elucidate 
the loci of such receptor activity. Bartter has 
pointed out that occlusion of the carotid artery 
proximal to the carotid sinus region causes an 
increase in aldosterone production which 
response is destroyed by denervation of the 
sinus area. Farrell has focused his attention on 
the right atrium where it has been shown that 
stretching through sutures applied to the 
atrial wall inhibits aldosterone output [22]. It is 
possible that both these areas are important. 
Farrell has studied in detail the central nerv- 
ous system centers which may be involved in 
the mediation of stimuli from these peripheral 
receptors [21,22]. With section of nervous con- 
nections between the head and trunk and 
removal of various portions of the brain, he has 
concluded that secretion of aldosterone is 
controlled by cerebral structures in the 
diencephalon and that the mode of this regu- 
lation is probably humoral. Extracts of the 
diencephalon have proved capable of stimulat- 
ing aldosterone release and have led to the pro- 
posal of a trophic neurohormone from this area 
referred to as “glomerulotropin.” The most 
potent of these diencephalic extracts are ob- 
tained from the posterior commissure-pineal 
region. Figure 2 shows a hypothetic scheme of 
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Fic. 2. Schematic representation of the pathways now 
tentatively believed responsible for the release of 
aldosterone by various stimuli. These include vascular 
volume receptors, diencephalic centers, ACTH and the 
“glomerulotrophic” neurohormone of Farrell (see text). 


the various mechanisms which may lead to 
aldosterone release according to these current 
concepts. 

Investigations in our laboratory have been 
concerned with the role of potassium in 
mediating aldosterone release because of the 
peculiar position which this ion plays in 
phenomena which accompany trauma and sur- 
gery. Figure 3 shows the aldosterone response 
in control animals and in animals infused with 
potassium solution sufficient to elevate the 
blood potassium level to approximately 6 
mEq/L. Whereas previous experiments had 
shown that a high potassium intake definitely 
led to an increased aldosterone output, it was 
not clear that this effect did not result merely 
from the concomitant negative sodium balance 
which accompanied potassium administration. 
These acute experiments in which serum 
sodium and volume changes were ruled out 
would seem clearly to point to a primary effect 
of potassium. Whether it acts directly on the 
adrenals or on peripheral receptors or central 
mechanisms is not known. It is tempting to 
suggest, however, that aldosterone is mobilized 
in the presence of high serum potassium in 
order, through its renal action, to rid the body 
of dangerously high levels of this ion. 
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Fic. 3. Effect of potassium ion on adrenal vein output 

of aldosterone. (FRom: Moran, W. H., RoseENBERG, 

J.C. and ZIMMERMANN, B. The regulation of aldosterone 

output: significance of the potassium ion. S. Forum, 9: 

120, 1959.) 


ALDOSTERONE AND ELECTROLYTE BALANCE 
IN SURGERY 


Mention has been made of the consistent 
pattern of sodium retention and potassium loss 
which follows surgical operations and accidental 
trauma, and the search for an endocrine 
mechanism which could adequately account for 
this response. In 1956 experiments from this 
laboratory and that of Llaurado pointed to a 
reproducible elevation of aldosterone output 
occurring immediately following surgical opera- 
tions [37,59]. Subsequent investigations showed 
that this postoperative aldosteronism lasted 
from one to four days but was not always 
related in an exact chronologic fashion to the 
positive balance of sodium or the excretion of 
potassium [zo]. Although Llaurado attempted 
to show a strongly positive correlation between 
aldosterone excretion and the urinary sodium- 
to-potassium ratio, our experiments did not 
confirm such an intimate relationship [38,39]. 
More recently, by precise balance studies made 
on surgical patients with varying intakes of 
sodium and potassium, it was found that the 
degree of postoperative aldosterone elevation 
was more closely related to the magnitude of 
the surgical procedure than to any other 
variable considered [48]. Whereas the type of 
electrolyte management profoundly affected 
the postoperative balance, it had little, if any, 
influence on aldosterone mobilization. It was 
concluded that this response is a consistent and 
undoubtedly significant consequence of major 
surgery. It undoubtedly plays a role in the 
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mineral economy of the patient postoperatively, 
yut does not appear to be related in any pre- 
lictable manner to the day by day balance of 
sodium and potassium after surgery. It was also 
observed that Reichstein’s substance S (11- 
desoxy-17-hydroxycorticosterone), a mineralo- 
corticoid of considerable potency, was also 
elevated in patients postoperatively. A typical 
response of a patient undergoing gastrectomy is 
illustrated in Figure 4. ~ 

Considering the possible mechanisms for 
aldosterone release which have been outlined 
previously herein, it is a matter of some interest 
to investigate the pathways by which surgery 
and trauma might produce an accelerated out- 
put of this hormone. The fact that aldosterone 
response in such circumstances is accompanied 
by roughly proportionate increases in com- 
pound F and 17-ketosteroids suggests an 
“ACTH type” response. Knowing that ACTH 
is released following trauma of this degree, it is 
not unreasonable to implicate this mechanism. 
A sodium deprivation mechanism can be ruled 
out on the basis of experiments which show that 
alterations of electrolyte intake do not modify 
the postoperative response [48]. It would also 
appear that volume changes can be ruled out 
although precise control of this factor has not 
been completely achieved. In view of the potent 
effect of potassium and the fact that considera- 
ble quantities of this ion are liberated from the 
intracellular space as a result of trauma, one 
wonders whether this mechanism may not be 
partially responsible for the rapid stimulation of 
aldosterone output. 


ALDOSTERONISM: THE CLINICAL SYNDROME 


Conn, in 1955, described the clinical picture of 
hypertension, hypokalemia and metabolic alka- 
losis associated with excessive production of a 
mineral-regulating adrenal steroid and, in a 
footnote to his original paper, reported the 
surgical removal of an adrenal tumor [73,14]. 
The possibility of such a syndrome had been 
recognized by investigators and clinicians prior 
to this, and it then became apparent that a 
number of instances of obscure potassium- 
losing diseases were probably the result of 
aldosteronism. Since this report, many cases of 
aldosteronism have been reported and many 
more studied and treated. Patients with this 
disease present the symptoms of hypertension, 
usually of considerable duration, associated 
with muscular weakness of an intermittent or 
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Fic. 4. Relationship of aldosterone and free, conjugated 
and ethyl-acetate extractable 17-hydroxycorticoids to 
mineral balance in a typical patient postoperatively. 
(From: Moran, W. H., RosenBerG, J. C., ScHLorr, L. 
and ZIMMERMANN, B. [48].) 


recurrent nature. There is associated metabolic 
alkalosis characterized by carpal and pedal 
spasm, Trousseau and Chvostek signs being 
frequently present. A very consistent finding is 
that of polyuria and polydipsia, a phenomenon 
which is in consonance with older observations 
that the chronic administration of mineralo- 
corticoids results in a “‘diabetes insipidus—like” 
situation. The usual picture of aldosteronism 
does not include edema although a syndrome of 
idiopathic edema with excessive aldosterone 
production has been observed. A dramatic 
clinical sign which should immediately alert the 
physician to the possibility of this disorder is 
the recording of hypertension and the simul- 
taneous production of carpal spasm at the time 
the blood pressure cuff is inflated. 

The most frequent pathologic finding in 
instances of aldosteronism is a benign cortical 
adenoma 
60]. Less frequently the same syndrome has been 
related to non-neoplastic hyperfunction of both 
adrenals with or without gross or microscopic 
evidence of hyperplasia [6,32,33,45,47,58]. Most 
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TABLE 1 
STEROID EXCRETION IN PRIMARY ALDOSTERONISM * 
17-Hydroxy-| 17-Keto- 
Patient Diagnosis acters corticoids steroids 
H8./24 (mg. /24 hr.)|(mg./24 hr.) 
J. B.....| Adenoma 40 7.8 3.2-3.6 
cee Hyperplasia 22-23 6.0 9.7-9.8 
J. P.....| Carcinoma 17-180 4.7-5.0 | 29.3-37.3 
Adenoma 6.1-6.7 7.4-8.4 
Undetermined! 60 10.6 2.0 
G. M....| Adenoma 52 


* Patient G. M. was studied and operated upon by Dr. E. B. 
Flink and Dr. D. J. Ferguson at the Minneapolis Veteran’s 
Hospital. Patient H. P. was at Minneapolis General Hospital and 
died before operation. The first five patients have been described 
in a previous report [47]. 


frequently the latter picture is found in children 
or young adults, and it would seem fair to say 
that in persons under twenty years of age the 
most likely diagnosis is hyperplasia and in those 
over thirty either a benign or malignant tumor 
is to be expected. Adrenal carcinoma is the least 
common cause and, in our experience, as well 
as that of others, when it occurs, is highly 
malignant with a propensity to rapid growth 
and metastasis [8,24,60]. 

The diagnosis of hyperaldosteronism rests 
initially on the recognition of the significant 
combination of hypertension and hypokalemia 
usually associated with metabolic alkalosis. It 
is important to recognize, however, that hyper- 
tension is extremely common and that potas- 
sium deficiency with its clinical and laboratory 
signs may occasionally result from circum- 
stances unrelated to the excessive production of 
steroids. The chlorothiazide diuretics, for 
example, which are frequently used in the 
management of hypertension, can cause potas- 
sium depletion, and patients suspected of this 
disease must be investigated only after such a 
drug has been withheld for several days. 
Similarly, diarrhea and vomiting and occa- 
sionally chronic cathartic ingestion may be 
associated with hypertension and _ thereby 
mimic the picture of aldosteronism. These 
situations, combined with the possibility of true 
potassium-losing nephritis, emphasize the im- 
portant role of specific determinations of 
urinary aldosterone. It is our feeling that in the 
absence of a radiologically demonstrable tumor, 
surgical exploration is not justified unless 
actual elevation of urinary aldosterone excre- 
tion is demonstrated by methods possessing 
specificity comparable to those which have been 


Zimmermann and Moran 


508 


described previously herein. Table 1 shows the 
urinary steroid values in seven patients whose 
hormone excretion has been studied in our 
laboratory [60]. The lowest value for aldosterone 
excretion was 8 yug./twenty-four hours. This 
rose, however, to a high level (40 ug./twenty- 
four hours) when the dietary intake of potas- 
sium was increased, a procedure which may 
have some diagnostic value in patients with 
marginal aldosterone excretion, although re- 
cent studies from this laboratory show that 
normal subjects respond to such a regimen by 
a two- to three-fold increase in aldosterone out- 
put [z]. In most of the patients excretion of 
17-hydroxycorticoids and 17-ketosteroids was 
also determined. It was of interest to note that 
the only instance of elevation of other steroids 
was that of patient J. P., suffering from an 
adrenal carcinoma, in whom the excretion of 
17-ketosteroids was elevated. This confirms a 
long-standing impression that mixed clinical 
and chemical pictures are most frequently. seen 
in patients with malignant tumors. 


MANAGEMENT OF ALDOSTERONISM 


Although surgical experience with this dis- 
order is still small, the opportunity of operating 
upon three patients and observing two more pre- 
and postoperatively has afforded some impres- 
sions regarding matters of preoperative care 
and surgical approach. Profound potassium 
depletion at the time of operation is a surgical 
hazard, and its occurrence in these patients is 
intensified by the fact that surgical stress in 
itself further stimulates aldosterone production 
and potassium loss. It is important, therefore, 
in the preoperative preparation to take vigorous 
measures to restore potassium balance. Al- 
though some observers, pointing to the fact 
that potassium administration itself stimulates 
aldosterone output, have questioned the feasi- 
bility of such preoperative repletion, it has been 
our experience that the administration of 
potassium in amounts approximating 300 mEq. 
a day will cause rapid reversal of hypokalemia 
and metabolic alkalosis. Our opinion on this 
matter was influenced considerably by experi- 
ence with one patient in whom Pentothal®- 
curare anesthesia was utilized and potassium 
repletion had not been achieved. Although 
there were many other detrimental factors 
involved in this patient, respiratory paralysis 
and irreversible shock supervened following 
surgery and it seemed probable that failure to 
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administer adequate amounts of potassium was 
partially responsible for this death. 

Because of the synergistic effect of potassium 
deficiency and curare-like compounds, it is also 
our belief that muscle relaxants should not be 
used in conjunction with anesthesia for opera- 
tions to relieve aldosteronism. This would seem 
to be a valid precaution even though other 
authors have used these agents without appar- 
ent ill effects [25]. Cortisone, in the dosage of 
100 mg., has been given the night before and the 
morning of surgery although it is by no means 
clear that this is necessary simply for the re- 
moval of an aldosterone-producing tumor. The 
availability of a potent synthetic mineralo- 
corticoid such as 9 alpha-flouro-hydrocortisone 
in the postoperative period would also seem to 
be a useful precaution. 

Except in the rare instance in which a tumor 
has been demonstrated radiographically prior 
to surgery, an anterior transabdominal ap- 
proach is far superior to a posterior or lumbar 
one. It has not been shown that an aldosterone- 
producing tumor induces the type of contra- 
lateral adrenal atrophy which is seen in 
Cushing’s disease. Furthermore, aldosterone- 
producing adenomas can be extremely small. 
Therefore, in explorations for this syndrome, 
both adrenals should be carefully exposed before 
a decision regarding the surgical procedure 
is made. This can be accomplished much 
more satisfactorily through a transabdominal 
approach. 

A matter which, for lack of sufficient clinical 
experience, has not been completely decided is 
the proper procedure in those instances of 
proved aldosteronism in which no single tumor 
is found. This circumstance, as has been men- 
tioned, is more likely to be seen in patients 
under twenty years of age. In a case reported by 
Bartter, the right adrenal and four-fifths of the 
left were removed with a satisfactory clinical 
result [6]. In the case of Hilton et al. only one 
gland was removed, following which the 
electrolyte pattern returned to normal but 
hypertension persisted [32]. In a similar situa- 
tion Van Buchem et al. reported a satisfactory 
result following removal of one adrenal and 
nine-tenths of the other but replacement 
medication was required [58]. Similarly, in a 
child studied by Mellinger and co-workers, 
bilateral total adrenalectomy was performed 
with excellent control of the hypertension and 
electrolyte disturbance although replacement 


steroids were, of course, required [45]. In one of 
our patients (A. J. P) removal of one adrenal 
and two-thirds of the other produced complete 
clinical “remission without the necessity for 
adrenal replacement [47]. Until further evi- 
dence appears that the syndrome can recur fol- 
lowing such a procedure, subtotal adrenalec- 
tomy would appear to be the treatment of 
choice. 


SUMMARY 


1. Through the past two decades a large 
amount of experimental evidence was ac- 
cumulated which suggested that the adrenal 
cortex secreted a separate mineral-regulating 
hormone which was controlled by physiologic 
mechanisms differing from those responsible 
for the regulation of other corticoids. This 
culminated in the discovery of aldosterone in 
1952. 

2. Current theories suggest that the release 
of aldosterone is regulated by changes in 
vascular volume, which in turn may be responsi- 
ble for the’ release of the steroid following so- 
dium restriction. Central mechanisms which 
mediate these responses have been demon- 
strated in the diencephalon. Potassium also 
causes aldosterone release through a mechanism 
which has not been defined. 

3. Surgical operations consistently stimulate 
secretion of aldosterone in amounts roughly 
related to the magnitude of the procedures. 
Balance studies suggest, however, that this is 
not the only factor responsible for the day-to- 
day changes in electrolyte balance which follow 
surgery. 

4. The syndrome of primary aldosteronism 
occurs in association with benign adrenal 
adenomas, adrenal carcinoma and _ benign 
hyperfunction without neoplasm. The first of 
these is the most common and the last occurs 
most frequently in children and young adults. 

5. Because of other possible causes of potas- 
sium deficiency in the presence of hypertension, 
chemically specific determinations of aldo- 
sterone, such as those described herein, are 
necessary for confirmation of the diagnosis of 
aldosteronism. Problems of preoperative prepa- 
ration and surgical approach are discussed. 
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mM intensive clinical and experimental 
work has been undertaken in the past in 
an effort to elucidate the cause of cirrhotic 
ascites. The following etiologic mechanisms 
have, in general, been suggested: (1) portal 
hypertension; (2) liver damage resulting in: 
(a) hypoproteinemia which causes a lowering 
of the oncotic pressure within the intravascular 
compartment and, therefore, a transudation of 
fluid into the peritoneal cavity, (b) possible 
inactivation of the pituitary antidiuretic hor- 
mone, (c) either decreased inactivation or in- 
creased secretion of aldosterone, (d) sodium 
retention as a result of the previously men- 
tioned alterations, or (e) lymphatic obstruction 
in the face of increased hepatic lymph produc- 
tion; and (3) forward failure of the heart. 


ADRENAL FACTOR IN ASCITES 


Experimental and Laboratory Evidence. In 
recent years much interest has been focused on 
the sodium retention mechanism of ascites 
formation. It has been shown that the patient 
with cirrhosis has a marked inability to excrete 
sodium and that whatever the fundamental 
mechanism might be, it was probably the same 
in the patient with cirrhosis and cardiac dis- 
ease [1-3]. Restriction of salt will frequently 
bring about an amelioration of the ascitic 
accumulation. In the patient with wasting 
ascites it is, at times, not possible to control 
ascites formation with salt and water restric- 
tion alone. 

In 1951 Bongiovanni and Eisenmenger [4] 
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demonstrated the presence of an antidiuretic 
substance in the urine of patients with chronic 
liver disease and stated that the decreased con- 
centration of sodium in the sweat and saliva of 
these patients pointed to a general mechanism 
of sodium retention. More recently, failure of 
the cirrhotic liver to inactivate aldosterone, a 
strongly antidiuretic, sodium-retaining hor- 
mone of the adrenal cortex, has been suggested 
by several investigators. There is evidence that 
aldosterone activity is increased in patients 
with cirrhosis [5,6]. 

It seems unlikely that a mere increase in 
venous pressure is solely responsible for the 
sodium retention, by affecting the reabsorption 
of sodium from the kidney tubule. Constriction 
of the abdominal vena cava below the dia- 
phragm fails to produce permanent alterations 
in sodium excretion despite elevation of renal 
venous pressure [7,8]. 

It was reasonable to assume that the salt- 
retaining diathesis was an expression of in- 
creased aldosterone activity. It was also under- 
stood that this salt-retaining mechanism was 
at least an important stage in the causation of 
wasting ascites whether it be primary or 
secondary. 

The probable sequence of events in the 
formation of ascites [9] was first an increase in 
the hepatic venous pressure followed by a shift 
of sodium and water from the intravascular 
compartment to the peritoneal cavity. The 
adrenal cortex is then stimulated to excrete 
more aldosterone which, in turn, is not in- 
activated by the diseased liver and causes 
further retention of sodium and water. 

With the preceding in mind, it was specu- 
lated that if elimination of aldosterone could be 
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TABLE 1* 
METABOLIC STUDY OF DOGS IN CHRONIC HEART FAILURE BEFORE AND AFTER 
SUBTOTAL ADRENALECTOMY 


| Water | Urine Urinary Plasma | Right Atrial | Mean 
Dog No. | Intake Output Sodium Proteins Pressure Weight 
| (cc./24 hr.) | (ce./24 hr.) | (gm./24 hr.) | (gm.%) | (mm. Hg) (Ib.) 
a | 1,607 132 0.2 3.1 +9 47.8 
1,333 329 2.97 5.8 +10 38.2 
1,677 479 1.96 6.55 +9 44.9 
1,489 468 2.42 6.7 +11.5 26 


* From: SpraFKA, J. L., HANNON, D. W. and Baronorsky, I. D. [zo]. 


obtained with adrenalectomy, a therapeutic 
breakthrough in the cycle would be obtained. 
This point has been investigated by Sprafka 
and his group [ro] and Davis et al. [rz]. They 
have shown that control of experimental 
ascites could be definitely obtained when the 
adrenal glands were removed. As a matter of 
fact, subtotal adrenalectomy was used by 
Baronofsky et al. and the ascites was controlled 
without replacement therapy. Tewell and Free- 
man [12] have shown in animal experiments 
that adrenalectomy and hypophysectomy cause 
reduced excretion of corticoids and that these 
were probably of adrenal origin. Hamilton [13] 
has stated that ascites occurring in dogs 
with mitral stenosis can be reversed with 
adrenalectomy. 

Clinical Approach. Clinically we have been 
unimpressed with the medical management of 
intractable ascites due to cirrhosis. Although 
most patients with ascites can and should be 
managed medically, it is this intractable group 
who require special attention. Continued re- 
moval of fluid from the abdomen eventually 
drains the patient of much protein necessary 
for body function. This is as malignant as a 
malignant tumor. It will cause the patient’s 
death. Therefore, when confronted with two 
patients with intractable ascites, we elected to 
treat these patients with bilateral adrenalec- 
tomy. Previous to the surgical treatment of 
these two patients, Marson [14] and sub- 
sequently Guiseffi et al. [15] had reported 
similar experiences with two patients. 

In summary, both patients [16] were alco- 
holics and had been receiving therapy for 
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ascites for many years. The male was fifty 
years old; the female, thirty-eight years old. 
Liver function studies in both showed decreased 
liver function of moderate to severe degree. Be- 
cause of the intractability of the ascites 
(multiple paracenteses, etc.), bilateral adrenal- 
ectomy was elected as the procedure of choice. 

Following adrenalectomy, the first patient 
has continued to do well three years following 
the initial surgery. On one occasion, about three 
months following discharge from the hospital, 
he was readmitted because of a reaccumulation 
of a small amount of ascites following the 
ingestion of a large amount of salt contained in 
ham and bacon. The patient’s course, at that 
time, was remarkable in that the ascites cleared 
very readily in a matter of four or five days ona 
diet of 500 mg. of sodium alone. This was im- 
possible prior to adrenalectomy. He was dis- 
charged on a regular salt diet. 

The second patient died in hepatic coma two 
years following surgery. She had returned to 
drinking heavily but appeared very well with 
no apparent ascites. She suddenly became 
psychotic, had several episodes of delirium 
tremens and was admitted to a psychiatric 
hospital where she continued to have the 
attacks. While there she became markedly 
jaundiced and died in hepatic coma. 

Before the preceding episode the patient had 
been doing very well. A urinary determination 
showed no aldosterone present in the urine. She 
was on a regular diet, with salt as desired, had 
no evidence of ascites and liver function was 
approaching normal. 

It is important to note that in both patients 
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Fic. 1. Cases 1 (top) and u (bottom). Urinary volume, sodium, chloride and 
potassium excretions before and after total adrenalectomy for ascites. The 
arrows point to the days on which adrenalectomy was performed as part of a 
two-stage procedure. Note the increase in all electrolyte excretions following 


the second stage adrenalectomy. 


an increase in the urinary sodium excretion was 
noted following adrenalectomy. (Fig. 1.) This 
undoubtedly was related to the absence of 
circulating aldosterone. However, it must be 


mentioned that such patients can and will 
accumulate sodium if it is available to the body 
in more than the usual amounts ingested in a 
regular diet. These patients differ in this respect 
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Fic. 2. Daily urinary sodium excretion, weight and measurement of abdominal girth in 
two animals who had complete relief of ascites following thryoidectomy. Top, graph 
includes studies before the production of ascites; bottom, graph does not. 


from those having adrenalectomy for cancer 
17]. 

Surgical Considerations. We have preferred 
bilateral staged total adrenalectomy. This 
staged procedure is accomplished with about a 
ten-day interval between stages. A lateral 
lecubitus position is preferred with loin incision 


and extraperitoneal exposure of the gland. The 
approach to the gland is exactly the same as the 
approach to the kidney. Careful hemostasis is 
observed throughout. Drainage of the retro- 
peritoneal area is obtained by the use of soft 
rubber drains. They are usually removed on 
about the third or fourth day. 
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Fic. 3. The effect of thyroidectomy on urinary sodium excretion. The black bars 
represent the average value for the two-week period immediately prior to 
thyroidectomy; the crosshatched bars represent the average value for the two- 
week period from the seventh to the twenty-first day following thyroidectomy. 
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Fic. 4. Daily urinary sodium excretion, weight and measurements of abdominal 
girth in an animal who had complete relief of ascites following thyroidectomy 
and in whom thyroid extract was subsequently started. Note retention of 
sodium and increase in ascites following administration of extract. 


Preoperatively the patient is given 300 mg. 
of cortisone daily for four days. This is con- 
tinued between stages. Following the second 
stage the dosage of cortisone is slowly decreased 
over a period of thirty days to 25 mg. per day 
and adjusted more or less depending on 
electrolyte studies and physical needs. Both 


patients mentioned in the reports have been 
maintained on 12.5 mg. per day and the only 
salt restriction made is to use salt in moderation. 

We should like to emphasize the benignity of 
the patient’s course during surgery and post- 
operatively, and therefore are in great favor of 
this two-stage procedure. Food is allowed on 
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1e second postoperative day and continued 
,ereon. The diet, which at first is a continua- 
on of the low salt diet, is gradually changed 
‘er a period of thirty days to a regular diet 
th little or no salt restriction. 

We have utilized paracentesis preoperativley 
: facilitate anesthesia, which could be hindered 
, the presence of an elevated diaphragm. 


THYROID FACTOR IN ASCITES 


In our laboratory an attempt has been made 
» evaluate the effect of thyroidectomy on 

cites formation [18,19]. Certain relationships 
otween the thyroid and adrenal glands have 

een known to exist [20]. 

Balance studies were accurately performed 
mn a series of dogs before, during and after the 
creation of ascites by supradiaphragmatic 
constriction of the inferior vena cava. These 
studies were repeated following thyroidectomy 
and in some instances following addition of 
thyroid extract to the diet. These animals were 
maintained on a constant sodium intake. Five 
dogs were subjected to a sham operation when 
ascites was attained. These animals were 
anesthetized as for thyroidectomy, the neck 
was opened and the thyroid glands exposed, 
but their blood supply was not disturbed. 
Following the sham operation, the metabolic 
observations were resumed. 

The results indicated a marked response of 
the ascites to bilateral total thyroidectomy. 
Sixteen of twenty dogs subjected to this opera- 
tion responded with significant amelioration of 
their ascites. In thirteen of these animals the 
ascites was no longer detectable within one 
month following thyroidectomy. The clinical 
improvement was accompanied by a striking 
increase in urinary sodium and water excretion, 
which became maximal during the second and 
hird week following thyroidectomy. (Figs. 2 
ind 3.) 

Three other dogs retained minimal ascites 
jut exhibited an appreciable diminution in the 
mount of abdominal fluid following thyroidec- 
my. Four animals responded to thyroidec- 
my with natruresis but did not achieve 
egative sodium balance. Consequently, there 
as no significant change in the amount of 
ascites. 

Six animals who became clinically free of 
cites following thyroidectomy were given 
:yroid extract in addition to their daily ration 
‘food. These dogs gradually reaccumulated 
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Fic. 5. The effect of a sham operation on urinary sodium 
excretion. The crosshatched bars represent the average 
value for the two-week period immediately prior to the 
sham operation; the dotted bars represent the average 
value for the two-week period from the seventh to the 
twenty-first day following the sham operation. 


clinically apparent ascites, without further 
constriction of the inferior vena cava. When 
the thyroid extract was discontinued, the 
ascites promptly cleared. (Fig. 4.) 

Of five dogs undergoing sham operations, 
three had no significant change in their ascites 
following this procedure, and two dogs con- 
tinued to accumulate ascites following the sham 
procedure. (Fig. 5.) 

In four thyroidectomized animals, serial 
aldosterone levels were determined. There was 
a fall to normal range following thyroidectomy 
concomitant with improvement in the ascites. 


COMMENTS 


The mechanism for the aforementioned 
observation is not clear at the present time. 
The fact that the disappearance of the ascites 
does not represent a spontaneous one is sup- 
ported by the lack of response of the dogs 
undergoing sham operations after an equal 
passage of time. The thyroid-adrenal inter- 
relationship to aldosterone has already been 
mentioned [20]. 

Recently evidence has been put forth that 
volume receptors are important in the regula- 
tion of aldosterone secretion and that experi- 
mental ascites may be improved by thyro- 
carotid denervation [21]. It may be possible that 
during thyroidectomy this nerve may be in- 
jured and, therefore, ascites is ameliorated. 
However, recent evidence from our laboratory 
[22] would indicate that this is not the case. 
Autografting of the thyroid to the rectus muscle 
does not ameliorate ascites. If the nerve were 
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the important structure, then even the auto- 
graft should be effective in causing a decrease 
in ascites. 


Ascites formation without sodium intake in dogs 
with thoracic inferior vena cava constriction and 
dogs with right-sided congestive heart failure. 
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\ Review of Endocrine Tumors of the Ovary 


Joun C. ULLERY, M.D., Columbus, Obio 


rom the Department of Obstetrics and Gynecology, College 
f Medicine, Obio State University Hospital, Columbus, 
)hio. 


AS endocrine tumor of the ovary may be 
{4% defined as a tumor which produces hor- 
nones or substances that are disseminated to 
jther parts of the body and cause alterations of 
a physical or metabolic nature. They have been 
referred to variously as “dysontogenetic” or 
‘functional tumors,” denoting defective devel- 
opment or actively growing tumors altering 
body functions. 

Their occurrence in females provides one of 
the most fascinating fields of endocrinology to 
the pathologist, gynecologist and _ general 
surgeon. Aside from the theoretic considerations 
of their origin and development, they often 
present complex problems to the clinician in 
diagnosis and management. It is for this 
purpose that the review is presented. 

Any classification of ovarian tumors has 
proved to be deficient in some respects and I 
will make no attempt to classify them. The 
known endocrine tumors of the ovary are like- 
wise debatable in some respects as several may 
be included in which the questionable deviation 
remains confused or clouded. This will be 
referred to in the text. The classification of 
endocrine tumors of the ovary is as follows: 
(1) granulosa cell, (2) theca cell, (3) arrheno- 
blastoma, (4) hilar cell, (5) adrenal rest, (6) 
struma ovarii and (7) polycystic. 

The purpose of this paper is to present a 
systematic survey of the complex field of these 
tumors from a clinical standpoint in order that 
he correct diagnosis can be made and the 
roper treatment instituted. 

Some of these lesions of the ovary cannot be 
liagnosed finally until all the histologic features 
ire seen under the microscope. It is my belief 

hat description of the. outstanding gross 
pathologic features, terminology, frequency and 
ige incidence, symptoms and clinical signs may 


prove of value in the correct treatment of the 
individual patient. 

The clinical importance of recognizing the 
types of endocrine tumors lies in several facts: 

1. Approximately 15 per cent of endocrine 
tumors are malignant (second in incidence to 
the uterus as the leading cause of carcinoma in 
the pelvis or female reproductive organs). 

2. Torsion, necrosis, infection and hemor- 
rhage within the ovarian enlargement or, 
rarely, rupture can produce an acute surgical 
condition in the abdomen. 

3. Pain and local disturbances of function of 
other organs may be produced by mechanical 
pressure. 

4. Ascites and hydrothorax are occasionally 
associated with either benign or malignant 
enlargements. 

5. Changes in secondary sexual characteris- 
tics may occur due to the ability of a few 
“special” tumors to produce sex hormones. 

6. Enlargement of the ovary may be present 
in females of all ages, but are most prevalent in 
the reproductive period. 


* Special” and Stromal Tumors 


I. GRANULOSA CELL 


Definition. A granulosa cell tumor is an 
ovarian tumor or neoplasm of distinctive female 
germinal tissue type. Although there is no 
complete agreement as to its origin, it is gen- 
erally believed to originate from remnants of 
the early mesenchymal core of the ovary. 

Frequency and Age Incidence. Granulosa cell 
tumors are relatively rare tumors of the ovary 
but have come to be more frequently recognized 
in recent years. They may occur at any age of 
from shortly after birth to old age. They 
constitute 10 per cent of malignant ovarian 
tumors. 

Gross Pathology. The tumor is_ usually 
unilateral. There are wide variations in size, 
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the smallest have been only a few millimeters 
in diameter, while others have been so large as 
to fill the abdominal cavity. Usually they are 
from 3 to 6 cm. in diameter and solid in con- 
sistency. Cystic degeneration may occur. The 
outer surface may appear bluish white or 
yellowish white, kidney- or ovoid-shaped, with 
either a smooth even surface or with lobula- 
tions. On hemi-section the cut surface appears 
yellowish- or orange-tinged, and is often 
granular and trabeculated by strands of fibrous 
connective tissue. The tumor is commonly asso- 
ciated with endometrial hyperplasia. In pa- 
tients over fifty years of age they are associated 
with endometrial hyperplasia (65 per cent) and 
endometrial carcinoma (20 per cent). The 
clinical malignancy rate is estimated between 
28 and 30 per cent. 

Hormonic Activity. The granulosa cell tu- 
mor secretes female sex hormones. Estrogen 
has been shown to be present in the tumor itself 
and has been found in the blood, urine and feces 
of patients in amounts considerably above the 
normal level. Gonadotrophic hormones have 
also been demonstrated, and it is possible that 
the luteinized portions of the tumor may pro- 
duce progesterone. The largest quantity of 
estrogen is produced by the mature granulosa 
cell tumor, whereas immature tumors produce 
small amounts of hormones. 

Clinical Course. The local symptoms and 
signs produced by granulosa cell tumors are not 
characteristic and resemble those of any other 
solid or semi-solid tumor. The most important 
symptoms are those which are dependent upon 
its hormonic activity. The symptoms in pre- 
menstrual life produce feminizing charac- 
teristics, such as vaginal bleeding resembling 
menstruation, enlargement of the external 
genitalia and breasts, and the appearance of 
pubic hair. If the tumor develops during the 
menstrual life, there is no added feminizing 
manifestation although there may be an in- 
crease in the amount of menstrual bleeding or 
amenorrhea. In the postmenopausal period the 
tumor causes a recurrence of vaginal bleeding. 
The diagnosis is based upon the history and 
finding of a palpable ovarian tumor, with the 
clinical changes in vaginal bleeding if occurring 
in the premenstrual or postmenopausal stages. 

Treatment. Unilateral oophorectomy should 
be performed when the tumor is freely movable 
and has an intact capsule. In patients with 
adhesions to other organs or peritoneum, or 
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deep involvement to the uterus and tube, 
panhysterectomy and bilateral salpingo-oopho- 
rectomy should be performed, followed by deep 
x-ray therapy. It cannot be overemphasized 
that close and prolonged follow-up examina- 
tions become mandatory after surgery since 
recurrences commonly occur five to ten years 
postoperatively. 


2. THECA CELL 


Definition. The theca cell tumor is a 
germinal tissue tumor derived from ovarian 
mesenchymal cells that normally form the 
theca interna and externa of the maturing 
graafian follicle. 

Frequency and Age Incidence. Theca cell 
tumors are rare, less than 100 cases having been 
reported. They occur usually in the post- 
menopausal period (65 per cent) and rarely 
before the age of puberty. 

Gross Pathology. Theca cell tumors re- 
semble fibromas, being usually firm and fibrous 
in appearance and consistency. They are ovoid 
or round in shape, with a smooth surface, and 
almost always unilateral. Adhesions to the 
uterus are frequent. On hemi-section, the cut 
surface shows foci of yellow stroma with areas 
of hyalinization; liquefaction necrosis is fre- 
quently present. Hemorrhagic areas may also be 
seen. The size varies from a small intraovarian 
nodule to a large tumor 15 to 20 cm. in diame- 
ter. Thecomas are far less malignant than 
granulosa cell tumors. 

Hormonic Activity. Female sex hormones 
are usually produced by the tumor. Estrogenic 
activity may be found clinically and by changes 
in laboratory determinations, and those noted 
in the endometrium and breast. It is similar to 
that of granulosa cell tumors. 

Clinical Course. The local symptoms are not 
unusual and correspond to those of solid ovarian 
tumors. The tumors are frequently attached to 
the uterus and are often misdiagnosed as 
uterine fibromyomas. After menopause, ir- 
regular bleeding is the prominent symptom. 
During active sexual life theca cell tumors pro- 
duce menorrhagia, followed by amenorrhea and 
irregular vaginal bleeding. Amenorrhea is more 
likely to be the first symptom. 

Treatment. Surgical removal of the tumor 
should be performed. If malignant changes are 
found, deep x-ray therapy should follow. The 
tumor is rarely malignant. 


Endocrine Tumors of the Ovary 


3. ARRHENOBLASTOMA 


Definition. The arrhenoblastoma is a rare 
varian tumor of low grade malignancy which 
riginates from male-directed cells persisting 
) the medullary portion of the ovary, from the 
arly stages of gonadogenesis. 

Frequency and Age Incidence. The rarity of 
he tumor is attested to by the fact that less 
han 100 cases have been reported in the 
iterature. It is a growth occurring in young 
vomen, the greatest incidence being in those 
»etween the ages of twenty to thirty years. One 
ase occurred in a fifteen year old girl, another 
na sixty year old woman. 

Gross Pathology. This enlargement occurs as 

. white solid tumor replacing normal ovarian 
tissue. The surface is smooth, and on hemi- 
section is grayish yellow in color. Cystic 
degeneration may take place, and cavities 
may appear in the larger tumors. The size 
of the tumor varies from very small to moderate, 
1 to 4 cm. in diameter, but there are several 
reported cases in which the enlargement was 
the size of a human head. 

Hormonic Activity. Testosterone has been 
demonstrated in the tumor tissue and body 
fluids of patients by laboratory analysis. This 
is evident by the virilizing symptoms and signs 
that occur in the patient with this tumor. Cer- 
tain arrhenoblastomas (called gynandroblas- 
tomas) have simultaneous estrogenic and 
androgenic activity. 

Clinical Course. Defeminization is the first 
sign that appears. Cessation of menstruation 
with sterility and atrophy of the breasts are the 
initial signs. Masculinizing signs develop later. 
Distribution of the facial and body hair takes 
on masculine characteristics. Acne is often 
present, the voice deepens and the clitoris be- 
comes hypertrophic. Atrophy of the uterus is 
frequently found. The 17-ketosteroids in the 
urine are normal or slightly elevated. The 
arrhenoblastoma should be classified as malig- 
nant (25 per cent), but it is less so than those of 
true epithelial neoplasms. 

Treatment. Excision of the tumor alone is 
usually sufficient. X-ray therapy should follow 
surgery in malignant cases. Almost all signs of 
lefeminization and masculinization disappear 
after removal of the tumor except the anatomic 
changes, as enlargement of the clitoris and 
larynx persists. Menstruation frequently begins 
several weeks after excision of the tumor. 
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4. HILAR CELL 


Definition. These are rare tumors of the 
ovary. Hilar cells contain hyperchromic pig- 
ment and show the crystalloids of Reinecke. 
They occur in nests in the hilus of the ovary and 
are in close relationship to the nerves. Their 
derivation may be from the chromaffin system, 
arising from undifferentiated mesenchyme or 
fibroblasts. 

Frequency and Age Incidence. Hilar cells are 
not found in children. Their function is believed 
to be an increase in androgen production. Hilar 
cell tumors occur in women at the menopausal 
or postmenopausal age. 

Gross Pathology. CGrossly the appearance is 
a brownish tumor at the hilus, not encapsulated. 
Tumors range in diameter from 0.3 to 3.5 cm. 
They are sharply demarcated. Hilar cell tumors 
must be differentiated from adrenal rest and 
theca cell tumors (thecoma) (i.e., luteinized 
theca cells). 

Hormonic Activity. The 17-ketosteroids are 
normal or increased. 

Clinical Course. When these cells appear in 
groups, adenomatous areas are present and 
symptomatically give rise to masculinization. 
They are probably benign. 

Treatment. Abdominal laparotomy and sec- 
tion of the ovary should be performed. If a hilar 
cell tumor is present, oophorectomy should be 
performed. 


5. ADRENAL REST 


Definition. The adrenal rest tumor is a 
yellowish- or orange-colored solid tumor of the 
ovary, usually discrete, situated in the hilar 
region, which resembles the adrenal cortex both 
grossly and microscopically. Various other 
names for this ovarian tumor have been used, 
such as “‘adrenal-like tumor,” “hyperne- 
phroma,” “masculinovoblastoma”’ and “andro- 
blastoma diffusum.” “Lipoid cell tumors” has 
been a non-commital term for these tumors. 

Frequency and Age Incidence. This is a rare 
tumor of the ovary; probably no more than 
fifty have been reported in the literature. Eval- 
uation of its frequency is difficult due to the 
variety of names and endocrine effects. The 
ages of patients have varied from three and a 
half to eighty-six years; eleven occurred before 
puberty, and'the remaining occurred twice as 
often in the premenopausal as in the post- 
menopausal period. 
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Gross Pathology. The tumor is almost always 
unilateral and from 1 to 3 cm. in diameter. It is 
discrete, solid and more or less replaces the 
ovarian tissue. The tumor is usually lobulated 
and is characteristically a yellow, orange or 
brown color on the surface and cut section. It 
is usually malignant. 

Hormonic Activity. The majority of re- 
ported adrenal rest tumors have been asso- 
ciated with defeminization and masculiniza- 
tion. The pure masculinization syndrome is 
indistinguishable from that due to an arrheno- 
blastoma, except the 17-ketosteroids are ele- 
vated more frequently. The most characteristic 
finding is elevation of urinary 17-ketosteroids, 
probably the alpha fraction. Polycythemia, 
carbohydrate metabolism disturbances, obesity 
and hypertension may be present. Gonado- 
tropins and electrolyte values are normal. 

Clinical Course. Precocious puberty in the 
child plus defeminization and masculinization 
in patients in the premenopausal and _ post- 
menopausal periods are the most characteristic 
symptoms. Fatal cases show metastases to the 
pelvis, bowel, liver and bone. 

Treatment. Conservatism in young persons 


should be practiced, with unilateral oopho- 
rectomy the procedure of choice. 


6. STRUMA OVARII 


Definition. This is a teratoid tumor of the 
ovary in which thyroid tissue outgrows all other 
elements, producing a tumor of predominantly 
thyroid tissue. The mere presence of a small 
amount of thyroid tissue would not justify the 
diagnosis of ovarian struma. It may be found 
in dermoid cysts or teratomas, but some has 
been found with pseudomucinous or serous 
cysts. Actually, it occurs usually as a solid unit 
without other teratomatous elements. 

Frequency and Age Incidence. Only twenty- 
six Ovarian tumors have been found that con- 
tained solely thyroid tissue. Struma ovarii are 
rare, and the exact incidence is unknown. 
These tumors have been found mostly in 
persons in the fertile period of life. 

Gross Pathology. These tumors are semi- 
solid in consistency, resembling a colloid 
goiter. Their size has varied from 2 to 5 cm. in 
diameter. 

Hormonic Activity. In 5 per cent of the 
cases reported, the tumor has been responsible 
for producing clinical evidence of hyper- 
thyroidism and thyrotoxicosis. 


Clinical Course. The occurrence of hyper- 
thyroidism or thyrotoxicosis in a patient of 
child-bearing age, with a palpable ovarian en- 
largement, should point strongly toward the 
diagnosis of struma ovarii. Signs of exoph- 
thalmus, elevated basal metabolism, increased 
protein-bound iodine in the blood and tremor 
may be present. 

Treatment. 
performed. 


Oophorectomy should be 


7. POLYCYSTIC 


Definition. Polycystic tumors of the ovary 
result from the formation of multiple follicular 
cysts of the ovaries produced either by failure 
of rupture of the graafian follicle (ovulation) or 
by the selective action of the follicle-stimulat- 
ing hormone of the pituitary gland that may 
affect multiple follicles simultaneously instead 
of one. Ovarian changes are due to a chronic 
stimulation by the luteinizing hormone (LH) 
of the anterior pituitary. The role of the 
adrenal cortex remains unknown. 

Frequency and Age Incidence. The fre- 
quency of occurrence is unknown (statistics on 
the incidence are reported in groups of patients 
complaining of infertility, 1.45 to 2.8 per cent) 
but is probably greater than a survey of the 
literature indicates. Since Stein and Leventhal’s 
[30] contribution in 1934, increasing reports 
have shown that it is not a rare condition. The 
condition occurs after puberty, during the 
reproductive period. 

Gross Pathology. The ovaries are symmetri- 
cally enlarged and are oval or globular in shape, 
usually measuring 6 to 7 cm. in diameter. The 
capsule (tunica albuginea) is gray, thick and 
tense, and lacks the normal surface wrinkling 
usually produced by the contraction of the 
corpora albicantia. The cysts contain a clear, 
colorless fluid under tension. They vary in size 
from a few millimeters to 1 cm. in diameter and 
contain estrin. Rarely are old or recent corpora 
lutea observed. 

Hormonic Activity. This is difficult to 
evaluate. Although the cause of polycystic 
ovarian tumors is believed to be due to hor- 
monal imbalance, the structure of the cysts 
would raise doubt if there is any cellular activity 
producing hormones. The cysts do contain 
estrin. 

Clinical Course. The history of the patient 
is usually one of the development of secondary 
amenorrhea or irregular periods. The periods 
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Endocrine Tumors of the Ovary 


TABLE 1 
MANAGEMENT OF ENDOCRINE TUMORS OF OVARY 


TABLE 1 
SURGICAL MANAGEMENT 


Management is dependent upon: 
1. Diagnostic interpretation 
u. Size of tumor 
11. Consistency of tumor 
1. Diagnostic interpretation of tumor 
. History (age of patient) 
Pain 
. Size 
. Consistency 
=. Contour 
. Mobility 
. Location 
. Ascites 
I. Endocrine activity 
J. Growth behavior 
Frequently laparotomy and biopsy must be performed 
to reveal the true nature of an ovarian tumor. 
iu. Size of tumor 
A. Five centimeters rule 
1. Under 5 cm.: Usually physiologic; cystic; 
observation sufficient 
2. Over 5 cm.: Usually pathologic (complica- 
tions greater); surgical intervention required 
i. Consistency of tumor 
A. Cystic, under 5 cm. in size 
1. Watch for 2 to 3 months; periodic examina- 
tions required 
B. Cystic, increasing in size to over 5 cm. 
1. Surgical intervention required 
C. Solid, regardless of size 
1. Surgical removal required 
D. Endocrine, cystic or solid 
1. Surgical removal required 


may become irregular with gradually lengthen- 
ing intervals and scantier flow. The amenorrhea 
may be more or less complete for years. Sterility 
is often of the same duration. Hirsutism devel- 
ops in 50 per cent of patients, and hypoplasia of 
the breasts and uterus is often present. The 
diagnosis is made on the basis of the aforemen- 
tioned clinical course, the finding of bilaterally 
enlarged and globular ovaries by palpation 
during a pelvic examination (50 per cent), 
gynecography (pneumoperitoneum) or explora- 
tory culdotomy. In married women, a history of 
sterility is significant. 

Treatment. Normal ovulatory cycles are 
present in 95 per cent of patients and pregnancy 
is 88.7 per cent. Bilateral wedge resection of the 
ovaries and puncture of the cysts from within 
should be performed, approximating the edges 
with fine catgut sutures. The following aids are 
used for selecting patients for surgery; excess 
excretion of 17-ketosteroids in the urine, and 
pregnane complex and cortisone suppression 


1. Resection of tumor only 
2. Excision of affected ovary 
3. Excision of both ovaries, tubes and uterus 
Decision to operate may be modified by: 
1. Age of patient 
2. Size of tumor 
3. Likelihood of malignancy 
4. Desire to retain reproductive functions 


TABLE Ul 
MANAGEMENT OF PATIENTS AT OPERATING TABLE 


. Recognition of problem at hand 

. Differential recognition 

. Inspection of involved ovary 

. Inspection of opposite ovary 

. Inspection for torsion 

. Removal of ovary without rupture 

. Bisection of opposite ovary in presence of dermoid 
cysts and solid tumors 

. Section of tumor before abdomen is closed 


test. Low dose radiation therapy, and ad- 
ministration of pituitary gonadotropins, corti- 
sone and estrogenic substances have also been 
used in treating this condition. 

The management of ovarian tumors is out- 
lined in Tables 1 to m1. 
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Diagnosis and Treatment of 
Testicular Tumors 


Cox. Joun F. Patron, mc, usa, Capt. Davip N. SEITZMAN, MC, USA AND 
Capt. Rospert A. Zone, Mc, usa, Washington, D. C. 


From the Urology Service, Department of Surgery, 
Walter Reed Army Hospital, Washington, D. C. 

HIS paper is concerned with the clinical 

aspects of the management of tumors of the 
testis. The great majority are highly malignant, 
metastasize early and the mortality is con- 
siderable; as a group, they comprise the most 
common form of malignancy encountered in 
the young adult male. These facts emphasize 
the urgency for early diagnosis and prompt 
therapy. 

The material presented herein is based on a 
study of 570 patients with testicular tumors 
treated at the Walter Reed Army Hospital from 
January 1, 1940 to January 1, 1959. Although 
the various types of tumors will be discussed 
briefly in certain aspects of their behavior, we 
are concerned chiefly with the tumors of ger- 
minal cell origin. 


FUNDAMENTAL CONSIDERATIONS 


For a proper understanding of the origin and 
behavior of testicular tumors, a basic knowledge 
of the embryology, anatomy and physiology of 
these structures is essential. It seems pertinent 
at this point, to present briefly those features 
which are relevant to this discussion. For a more 
detailed review, the reader is referred to numer- 
ous texts on the subject [7,4]. 

The function of the testes is twofold: (1) pro- 
duction of spermatozoa, and (2) elaboration of 
hormones. Involved in these processes are three 
types of cells: the germ cells, Sertoli cells and 
the interstitial or cells of Leydig. The germ cells 
and Sertoli cells are found within the tubules of 
the testis. Spermatogenesis begins at puberty 
and is provoked and maintained by the follicle- 
stimulating hormone secreted by the anterior 
lobe of the pituitary. The Sertoli cells are 
thought to provide nourishment for the devel- 


oping sperm as well as act as a supporting 
framework. They may also be the source of 
estrogens produced by the testes [5]. The 
interstitial cells, or cells of Leydig, secrete 
androgens which stimulate and maintain the 
male sexual characteristics and induce enlarge- 
ment of the penis and the secondary sex glands. 
The major androgen is testosterone, the most 
potent and perhaps the only androgen pro- 
duced. Androgenic compounds are present in 
the urine of all normal persons, both male and 
female. They are minimal in quantity during 
the preadolescent period, readily demonstrable 
in adult life, and tend to decrease with senes- 
cence. The interstitial cells are stimulated by 
the luteinizing hormone secreted by the 
anterior lobe of the pituitary. 

There is a strong reciprocal action between 
the pituitary and the gonads, and the testes act 
as a control for the sexual function of the 
anterior pituitary. Elimination of androgens by 
castration results in cellular changes in the 
hypophysis and an increase in urinary gonado- 
trophin excretion. Prepuberal castration results 
in the familiar picture of eunuchoidism. Castra- 
tion in the adult never causes regression to the 
preadolescent state but certain changes occur, 
particularly in the young adult. The prostate 
and seminal vesicles undergo atrophy but there 
is little or no decrease in the size of the penis, 
hair distribution remains essentially the same 
and there is no voice change. Libido and the 
ability to have erections may persist. Admin- 
istration of androgens to the male castrate 
restores the normal histology of the pituitary 
and reduces excessive urinary gonadotrophin 
excretion. Such replacement therapy may be 
provided in the form of testosterone propionate 
or methyl testosterone. The influence of 
androgens upon the intact testis is a contro- 
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versial subject and not fully understood. 
Administration of testosterone propionate may 
stimulate production of spermatozoa but in 
some instances will cause reduction of the 
sperm count, presumably by inhibition of 
pituitary secretion of gonadotrophins. 

There are many facets of this complex subject 
of hypophyseal-gonadal relationship which are 
not understood and the clinical picture pro- 
duced by hypo- or hypergonadism in many 
instances is difficult to explain. 


CLASSIFICATION AND ORIGIN 


The classification of testicular tumors per- 
haps most widely accepted at the present time 
is that introduced and in use at the Armed 
Forces Institute of Pathology [2]. Testicular 
tumors may be divided into two broad cate- 
gories, the germinal and non-germinal. The 
germinal tumors, which comprise 96.5 per cent 
of testicular tumors, are composed of one or 
any combination of four morphologic patterns, 
and may be divided into five groups: seminoma, 
embryonal carcinoma, teratocarcinoma, tera- 
toma and choriocarcinoma. A seminoma, which 
probably arises from the primordial germ cell, 
is composed of uniform cells and does not seem 
to be intimately related to the other types. The 
other types, although arising from the germ 
cell, show more potentiality, and embryonal 
carcinoma appears to be the earliest and most 
undifferentiated form. Further differentiation 
into choriocarcinoma with its cyto- and syncy- 
tial trophoblasts produces an extremely malig- 
nant form of neoplasm. Somatic differentiation 
may occur to produce teratocarcinoma and 
teratoma with their recognizable fetal and 
adult structures. The germinal tumors may be 
further classified clinically according to their 
response to radiation. A seminoma is sensitive 
to x-ray therapy and the others are highly 
resistant. 

Non-germinal tumors account for only 3.5 
per cent of testicular neoplasms, and include 
the following: (1) interstitial or Leydig cell 
tumors; (2) Sertoli cell tumors; (3) tumors 
arising from supporting tissues, such as 


lymphosarcomas and other types which have 
their counterparts in other regions of the body; 
and (4) those tumors of specific gonadal stroma. 
The last three groups are extremely rare and the 
stromal tumors, in particular, present many 
problems of histogenesis [9]. 
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HORMONAL ACTIVITY 


Gonadotrophins are found normally in the 
urine, and the adult male will excrete between 
6 and approximately 50 mouse units per 
twenty-four hours. In the presence of a 
testicular tumor the titer may range from 200 
to as high as 50,000 mouse units per day. 
Approximately 85 per cent of all testicular 
tumors will show a positive A-Z test. In gen- 
eral, the more differentiated the tumor, the 
greater its output of hormone in the urine. 

Hamburger [3] was the first to describe the 
urinary gonadotrophins in testicular tumors 
and found two types: follicle-stimulating hor- 
mones and chorionic gonadotrophins. The A-Z 
test provides a quantitative determination but 
does not distinguish between the two types. 
Further assay is necessary to measure the 
quantity of chorionic gonadotrophins, an im- 
portant factor in those tumors showing syncy- 
tial elements. In choriocarcinoma, chorionic 
gonadotrophins are excreted in the urine in 
large amounts. In a seminoma, the range of the 
follicle-stimulating hormone excreted may vary 
from 400 to 10,000 mouse units per liter of urine. 
Both types of gonadotrophins may be excreted 
by the same tumor and this presumably de- 
pends upon the morphologic elements present. 

There is very little correlation between the 
histologic appearance of testicular tumors and 
the rate of hormonal excretion as determined by 
the A-Z test. This has been shown by Twombly 
and others [12], and has been noted in our own 
series. The A-Z determination, however, is use- 
ful as a prognostic sign and an indicator of 
response to therapy. A return to normal levels 
following orchiectomy is a welcome finding. In 
some patients the titer may remain elevated for 
an indefinite period following treatment with- 
out clinical evidence of recurrence of the tumor. 
Failure to return to normal levels, however, or 
to show some decrease, should be regarded with 
suspicion, and a continuous rise in any case is an 
ominous sign. 

Gynecomastia is not an unusual finding asso- 
ciated with testicular tumors and may occur 
with almost any type. It is thoroughly un- 
predictable, however, and the explanation is 
often not apparent. The breast is a sensitive 
end organ and may respond to small increases 
in circulating gonadotrophins, but even high 
levels do not always result in gynecomastia. 

Germinal tumors often produce gonado- 
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rophins but even when present in large 
mounts, physical changes are unusual. When 
ymatic changes occur, such as gynecomastia, 
he features are usually not prominent and do 
.ot constitute a clinical problem or alter the 
ourse of therapy. The stromal tumors likewise 
resent no endocrine problem, but are equally 
\teresting from this standpoint. 

The tumors of chief biologic interest are the 

iterstitial cell tumors and Sertoli cell tumors. 
he Leydig or interstitial cells are concerned 
ith the production of androgens, and their 
umors may stimulate various bodily changes. 
nterstitial cell tumors in children produce 
recocious sexual and somatic development. In 
he adult, the increased androgen levels pro- 
luce little change, as the secondary sex char- 
.cteristics are well established. Gynecomastia 
ind loss of libido are the major findings but are 
yxresent in only a small number. Sertoli cell 
tumors are extremely rare and with the limited 
number of reported cases, physical changes are 
not well established. In general, however, they 
follow the pattern of other feminizing testicular 
neoplasms in that changes are inconsistent. 


INCIDENCE AND DATA 


Tumors of the testis have an incidence of less 
than one in 50,000 males, and represent ap- 
proximately 1 per cent of all malignant tumors 
of males. They occur more frequently in the 
young adult male and comprise the most com- 
mon form of malignancy encountered in pa- 
tients from twenty to thirty-five years of age. 

Distribution of the 570 patients as to type of 
tumor is as follows: seminoma, 206 cases 
(36.1 per cent); embryonal carcinoma, 177 
(31.1 per cent); teratocarcinoma, 149 (26.1 per 
cent); teratoma, fourteen (2.5 per cent); 
choriocarcinoma, ten (1.8 per cent); interstitial 
cell, six (1 per cent); and miscellaneous, eight 
(1.4 per cent). The tumors in the miscellaneous 
group include mesothelioma, lymphosarcoma, 
rhabdosarcoma, adenomatoid tumor and un- 
differentiated sarcoma. 

The average age of 510 patients was 27.9 
years. The youngest was three years of age and 
the eldest was fifty-seven. Seminomas occur in 
somewhat older persons, with an average age 
in this series of 30.7 years. Embryonal carci- 
noma and teratocarcinoma occurred at an 
average age of 26.1 and 26.6 years, respectively. 

The tumor appeared in a cryptorchid testis 
in twenty-seven patients, or 4.7 per cent (one 


in twenty-one). Six of these had undergone pre- 
vious orchiopexy. It is well documented that 
the cryptorchid testis is more likely to undergo 
malignant degeneration than the normal scro- 
tal testis. It is likewise well accepted that 
successful orchiopexy does not lessen the chance 
of malignancy. These facts should be con- 
sidered when there is a question as to whether 
the undescended testis in a given patient should 
be treated by orchiopexy or removal of the 
testis. 

Five of the patients in this series had bilateral 
tumors. In one patient an interstitial cell tumor 
occurred in both testes simultaneously. In the 
other four patients a tumor developed in the 
opposite testis at intervals of from one to four- 
teen years, two of the same type and two of 
different types. This high incidence of one in 
114 patients justifies our opinion that there is a 
much greater probability of a tumor developing 
in the remaining testis of persons who have had 
a testicular tumor than there is in normal males 
who have never had a testicular tumor. Like- 
wise it points up an important consideration in 
the follow-up examination. 


METASTASIS 


Testicular tumors metastasize largely by way 
of the lymphatics, with the exception of chorio- 
carcinoma which spreads by the hematogenous 
route. The lungs are the next most frequent 
site of distant involvement. Metastasis occurs 
along the lymphatic pathways which ac- 
company the internal spermatic vessels in the 
cord, passing to the retroperitoneal periaortic 
and pericaval nodes to the level of the renal 
pedicles and above. The inguinal and femoral 
nodes are not important unless there is local 
spread with extension to the scrotum or 
spermatic tunics. Local involvement, however, 
when present, portends a grave prognosis. As a 
rule, spread to the retroperitoneal nodes is 
limited to the affected side. However, not 
infrequently crossed metastasis occurs and the 
incidence is sufficient to warrant bilateral 
lymphadenectomy. 

In an analysis of 510 patients, seventy-one 
(13.9 per cent) had demonstrable metastasis on 
admission as determined by physical examina- 
tion, x-ray film or urographic study. Forty- 
eight patients (9.4 per cent) showed no clinical 
evidence of metastasis on admission, but on 
attempted lymphadenectomy were found to 
have inoperable conditions. Thus, a total of 119 
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TABLE 1 
SYMPTOMS (491 CASES) 


Symptom No. of Cases | Per cent 

Hardness or “lump”......... 109 22 
Symptoms of spread.......... 47 10 
No symptoms (routine exami- 

History of trauma............ 35 v4 


patients (23.3 per cent) had gross metastasis 
when first seen. The over-all mortality for the 
119 patients was more than 92 per cent. The 
preceding figures do not include those cases in 
which lymphadenectomy was successfully ac- 
complished but the nodes were found to be 
positive. 


SYMPTOMS 


The symptoms associated with tumors of the 
testis vary considerably and are often mislead- 
ing. Table 1 lists the symptoms experienced by 
491 of the 570 patients. The majority com- 
plained of the presence of a painless swelling or 
hardness of the testis. Absence of pain, how- 
ever, is not a constant feature; in fact, almost 
an equal number had pain in varying degrees. 
Pain, when present, is usually not severe and is 
probably explained by hemorrhage within the 
testis. A sensation of “heaviness” in the 
scrotum is a frequent complaint. Ten per cent 
of the patients initially had symptoms indicat- 
ing spread of the disease. Five per cent had no 
symptoms whatever, and the lesion in the testis 
was found on routine examination. A history of 
trauma, although present in 7 per cent of the 


TABLE I 
DURATION OF SYMPTOMS (442 CASES) 


Duration* | No. of Cases Per cent 

Less than 57 |12.9 
mo. to 1 yr...... | [20.6 
Over 2 yr | 20 | 4-5 


* Average, 4 months, 28 days. 
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patients, is not considered an etiologic factor. 
Rather it is thought to be coincidental in 
attracting the patient’s attention to a pre- 
existing lesion. 

The duration of symptoms is shown in Table 
11. Sixty-five per cent of the patients had symp- 
toms for less than six months, while more than 
one-third had symptoms ranging from six 
months to more than two years. The average 
period for the entire series of patients, from the 
onset of symptoms to the time of definitive 
therapy, was approximately five months. 


DIAGNOSIS 


The history related to tumors of the testis is 
thoroughly unreliable and one must depend 
upon careful examination of the scrotal con- 
tents for a diagnosis. The mortality rate in pa- 
tients with testicular tumors is exceedingly 
high. Surgery and x-ray therapy have improved 
the outlook but the technics in both fields have 
about reached their maximum degree of refine- 
ment. With our present methods of treatment, 
the greatest hope in reducing the mortality lies 
in earlier diagnosis. From the figures presented 
in the preceding paragraph, it can readily be 
seen that this opportunity exists. 

The testis is an external organ and, except in 
cryptorchism, is readily accessible for minute 
examination. Why, then, is there a delay in 
diagnosis? The patient’s procrastination in 
seeking medical attention, of course, is a con- 
tributing factor over which we have no control. 
Perhaps some type of discreet educational 
program might be devised. In many cases the 


TABLE Il 
INITIAL DIAGNOSIS (510 CASES) 
Diagnosis No. of Cases | Per cent 
236 46.3 
83 16.3 
2 
I 
Seminal vesicle............ I 
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TABLE IV 
FIVE-YEAR SURVIVAL: TOTAL SERIES (389 CASES FOLLOWED UP) 
Alive or Dead 
Dead without Tumor 
Type of Tumor No. of Cases| Alive 

From Tumor | Other Cause | Total | Per cent 
138 103 II 24 127 92.0 
MBFYOMA! CARCINOMA. 125 48 70 7 55 44.0 


tumor may produce no symptoms or the lesion 
may be so small that it is not readily detected. 
Another, and important, source of delay is that 
an appreciable number are not recognized as 
tumors on the initial examination. It can be 
seen in Table 111 that an erroneous diagnosis was 
made in more than one-fourth of the patients, 
epididymitis being the most common. 

Examination. As stated previously, the 
diagnosis will depend not on the history but on 
careful examination. Variation in the size of the 
scrotal contents may be noted on inspection. 
Palpation of the testis should always be per- 
formed bimanually. A useful rule of thumb is to 
examine the opposite, supposedly normal testis 
prior to palpation of the affected side. This will 
give the examiner a baseline for comparison. 
The epididymis normally can be distinguished 
easily from the testis proper by careful palpa- 
tion. The normal parenchyma of the testis is 
uniform in consistency and any mass or area of 
induration, whether sharply demarcated or ill- 
defined, may be considered a tumor until 
proved otherwise. Not infrequently the entire 
testis may be replaced by the tumor, in which 
case the consistency will be firm to hard. 
Tenderness is usually absent but may be pres- 
ent to a mild or moderate degree. The epididy- 
mis will be normal except in those rare instances 
when the tumor may have spread by direct 
extension. If a hydrocele is present and proper 
evaluation of the testis is made difficult, care- 
ful aspiration should be performed to permit 
more accurate palpation. The differential 
diagnosis includes any and all conditions the 
scrotal contents may demonstrate. 


The general physical examination includes 
palpation of the abdomen for evidence of 
metastasis, a careful search for lymphade- 
nopathy and examination of the breasts. A 
palpable left supraclavicular node may be the 
first clinical evidence of metastasis. 

Laboratory Studies. In addition to the 
routine tests, the work-up should include x-ray 
films of the chest, excretory urograms, a 
quantitative A-Z test, sedimentation rate and 
platelet count. Special hormonal studies are 
desirable. A skeletal survey may be made if 
desired but metastasis to bone is exceedingly 
rare. 

If the diagnosis remains doubtful after care- 
ful examination, the testis should be explored. 
This is performed through an inguinal incision, 
occluding the cord with a rubber-shod clamp 
before delivering the testis into the wound for 
inspection. If doubt still exists, the testis should 
be removed. Aspiration biopsies should never 
be performed and open biopsies are equally 
hazardous. 


RESULTS OF THERAPY 


Table 1v shows the five-year survival rate and 
includes the results in all types and combina- 
tions of treatment. One hundred two of 389 
patients had demonstrable metastasis on admis- 
sion or were found to have inoperable condi- 
tions on attempted lymphadenectomy. An 
additional fifty-one had positive nodes on 
lymphadenectomy, making a total of 153 (39.3 
per cent) who had proved spread of their dis- 
ease at the time treatment was instituted. The 


TABLE V 
COMPOSITE TABLE OF PER CENT OF PATIENTS 
SURVIVING FIVEYEARS 


Lymphadenectomy 
(243) 
Total | Radiation 
Type of Tumor Group | Therapy 
(389) (127) Posi- | Nega- 
Total! tive tive 
Nodes | Nodes 
Seminoma.........| 92.0 86.1 96.0 | 72.7 98.9 
Embryonal carci- 

44.0 13.0 72.3 65.0 75.6 
Teratocarcinoma...| 44.7 17.7 60.6 30.0 73.9 
Teratoma......... 87.5 100.0 85.7 85.7 

6.14 35.4 79.4 $2.9 86.5 


results may be interpreted in the light of these 
figures. 

Table v is a composite table, and the survival 
rate figures for the various types of tumors are 
given in percentages. The number of patients 
for each type is not shown. The majority of the 
127 patients treated by radiation had known 
metastasis when treatment was instituted. Of 
243 patients undergoing lymphadenectomy, all 
but sixteen received radiation therapy. 


TREATMENT 


Tumors of the testis should be treated as 
surgical emergencies. Any patient with a scro- 
tal lesion admitted to the urological ward, 
regardless of the admitting diagnosis, is seen 
promptly by a member of the urology staff. Ifa 
tumor of the testis is suspected, preliminary 
studies are obtained on an emergency basis and 
the patient is taken directly to the operating 
room. 

Orchiectomy. Although some aspects of the 
treatment of testicular tumors remain contro- 
versial, there is general agreement that high 
orchiectomy should be performed through an 
inguinal incision and the cord severed at the 
level of the internal inguinal ring. Following 
removal of the testis with its tunics, the 
inguinal canal should be cleaned of all loose fat 
and connective tissue and the stump of the cord 
likewise freed of surrounding attachments. It is 
a good practice to fix the ligated stump of the 
cord to the roof of the canal with a suture of 
plain catgut to prevent retraction. We prefer to 
wait for a study of the permanent pathologic 
sections rather than to proceed with lymphade- 
nectomy at this time. Multiple sections of the 
tumor are cut to include any unusual or 
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hemorrhagic areas. When the type of tumor has 
been established, further treatment is then 
outlined, and will depend, of course, on the 
presence or absence of metastasis. The practice 
of extending the inguinal incision at the time of 
orchiectomy to palpate the retroperitoneal 
space for evidence of lymph node involvement 
is, in our opinion, unreliable and not justified. 
Lymph nodes may be involved but not palpable, 
and even if palpable may show only reactive 
hyperplasia on microscopic section. Only gross 
involvement can be detected by blind palpa- 
tion and even then will not necessarily indicate 
operability. 

Radiation. The value of radiation therapy 
in the treatment of seminomas of the testis is 
well known. One can expect a cure in ap- 
proximately 95 per cent of patients by treat- 
ment with orchiectomy and radiation alone, 
applied in a dosage of 2,000 r. Embryonal 
carcinomas and teratocarcinomas are highly 
radioresistant, and the dosage required is much 
greater. Although we include radiation in the 
treatment of these tumors, its value is difficult 
to assess. In our series of 127 patients treated 
by orchiectomy and radiation alone, none of 
those with lymph node metastasis responded 
to radiation and all died within two years. The 
morbidity associated with the application of 
large dosages of roentgen rays may be con- 
siderable, and complications with late sequelae 
are not infrequent. As applied to the treatment 
of the radioresistant tumors, it must be con- 
sidered in the realm of radical therapy. 

Lymphadenectomy. Retroperitoneal lym- 
phadenectomy should be performed in all cases 
of malignant radioresistant tumors of the testis 
except choriocarcinoma. This applies, of course, 
only in the absence of clinical metastasis. 

Lymphadenectomy should be bilateral in all 
cases, as a significant number show involve- 
ment of the contralateral nodes. Bilateral dis- 
section has been performed at Walter Reed 
Army Hospital since 1954. During the past two 
years a transperitoneal approach has been 
used [8]. This has definite advantages, in our 
opinion, over other incisions used in the past. 
It provides good access to the critical area 
around the renal pedicles on both sides and 
permits adequate simultaneous bilateral dis- 
section. One has good control of the major 
vessels if by chance they are injured during the 
procedure. The operative time is considerably 
reduced because of better exposure and the time 


saved in opening and closing the wound. A total 
if twenty-eight node dissections by this route 
ave been performed to date. There have been 
no deaths and the morbidity is so minimal as to 
ustify the removal of this procedure from the 
‘ealm of radicalism. (Fig. 1.) 

Chemotherapy. This therapeutic field holds 
sromise but as yet is in the early. stages of 
levelopment. Numerous compounds are under 
nvestigation in various clinics and an active 
program is in progress at our own institution. 
Our experience during the past two years has 
produced some encouraging results, but a report 
it this time would seem premature. 


PLAN OF TREATMENT 


The current policy for treatment of testicular 
tumors at the Walter Reed Army Hospital is as 
follows: 

1. Seminoma. Orchiectomy is followed by 
radiation of the entire lymphatic chain. This 
includes the abdomen, mediastinum and supra- 
clavicular region, giving a total tumor dose of 
2,000 r to each area. Lymphadenectomy is not 
considered necessary for seminomas but if the 
microscopic sections show anaplasia or the 
diagnosis of “pure” seminoma is doubt- 
ful, lymphadenectomy is performed prior to 
radiation. 

2. Embryonal Carcinoma, Teratocarcinoma 
and Teratoma. In the absence of clinical 
metastasis, orchiectomy is followed by bilateral 
lymphadenectomy performed through a trans- 
peritoneal approach. If the nodes removed are 
negative pathologically, no further therapy, 
such as radiation, is given. If any of the nodes 
removed reveal metastasis, or if at the time of 
surgery the patient was found to have an in- 
operable condition and only a biopsy specimen 
could be obtained, postoperative radiation is 
applied to the entire lymphatic chain, including 
the left supraclavicular area, mediastinum and 
abdomen. A tumor dose of 4,000 r is delivered to 
each of these areas over an average period of 
110 days, beginning with the upper abdominal 
portal. An exposure of 4,000 r is considered the 
upper limit of safety. All radiation is given with 
the million-volt therapy equipment. Treatment 
in advanced cases, or in those patients who 
return with metastasis, consists of chemother- 
apy and other measures. 


3. Choriocarcinoma. Patients with chorio- 


carcinoma are treated by orchiectomy alone or 
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Fic. 1. Retroperitoneal space at completion of lymphad- 
enectomy. 1. Vena cava. 2. Aorta. 3. Right kidney. 
4. Right ureter. 5. Left renal vein. 6. Inferior mesenteric 
artery. 7. Bifurcation of aorta. 


with chemotherapy. Chemotherapy offers the 
only hope in the presence of metastasis. 

4. Non-germinal Tumors. The treatment of 
the wide variety of neoplasms in the relatively 
small group of non-germinal tumors is not in- 
cluded in this discussion. In general, however, 
orchiectomy alone is performed; lymphade- 
nectomy and/or radiation are applied only in 
specific cases. 

5. Follow-up Examinations. All patients 
with testicular tumors are examined at periodic 
intervals over an indefinite period. 


SUMMARY 


1. Tumors of the testis are relatively uncom- 
mon but are among the most malignant of the 
body. In patients from twenty to thirty-five 
years of age, they comprise the most common 
form of malignancy encountered, and reap a 
heavy toll of life. At least four of ten of these 
young adult males will die of the disease. This 
fact emphasizes the importance of early detec- 
tion and prompt therapy. 

2. The germinal tumors comprise more than 
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95 per cent of all testicular tumors and include 
the most malignant types. Hormonal activity 
is present in the majority, as demonstrated by 
gonadotrophin excretion, but physical changes 
are unusual. There is poor correlation between 
the histologic picture and the rate of gonado- 
trophin excretion. Hormonal assays of the 
urine, however, are of definite value in indicat- 
ing response to therapy and as a guide to 
prognosis. 

3. Early diagnosis is imperative and offers 
the best opportunity for reducing the present 
excessive mortality. An average of five months 
elapsed in this series between the onset of 
symptoms and the institution of therapy. This 
delay was due in part (25 per cent) to an 
erroneous diagnosis at the time of initial 
examination. One should acquaint himself with 
the anatomy of the scrotum and be able to 
palpate its contents accurately. Testicular tu- 
mors should be considered surgical emergencies. 

4. Seminomas are radiosensitive and one can 
expect a cure rate of over go per cent by 
orchiectomy and radiation alone. However, the 
microscopic sections should be carefully stud- 
ied for the presence of other elements and if 
doubt exists, lymphadenectomy is indicated. 

5. The treatment of the radioresistant tu- 
mors (embryonal carcinomas, teratocarcinomas 
and teratomas) should include retroperitoneal 
lymphadenectomy, and bilateral dissection 
should be performed in all cases. 

6. The transperitoneal approach to the 
retroperitoneal space, in our opinion, offers 
definite advantages over other incisions. It 


provides good access to the critical area around 
the renal vessels on both sides and permits 
simultaneous bilateral resection. 
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tumors are depend- 
ent for their growth on trophic hormones. 
These tumors may grow progressively, invade, 
metastasize and kill their hosts, yet their 
growth may be arrested or the tumors may 
regress or disappear when the hormone im- 
balance which produced them is corrected. 
Since regressions following corrections of 
endocrine imbalance are long-standing or even 
permanent, the study of endocrine-dependent 
tumors is of practical clinical importance. 

The growth of endocrine-dependent tumors 
may be stimulated in one of two ways: (1) an 
abnormally high concentration of a trophic 
hormone may stimulate the growth of normally 
responsive cells, for example, the development 
of goiters as a result of excessive output of 
thyroid-stimulating hormones (TSH) in per- 
sons with hypothyroidism; (2) normal levels of 
a trophic hormone may stimulate the growth of 
a clone of hyper-responsive cells, for example, 
the development of a single cellular adenoma in 
a thyroid gland that is otherwise both ana- 
tomically and physiologically normal. 

In the first example, goiters arise as a result 
of prolonged stimulation by excessive amounts 
of TSH. The growth of many thyroid cells or 
even of all of them is stimulated by the exces- 
sive amount of TSH. Probably some cells and 
their clones of descendents are more sensitive to 
TSH than are the rest of the cells, so that the 


increased growth of the sensitive clones even- 
tually may result in the formation of multiple 
nodules. 

In the second example (the solitary ade- 
noma), it is likely that mutation produced a cell 
whose growth was over-responsive to TSH. 
This cell transmitted the mutation to its 
progeny so that its clone of descendents 
inherited the hypersensitivity to stimulation 
by TSH. Such cells outgrow normal cells and 
produce solitary adenomas. 

In either case, and also in some of the 
malignant variations of this pattern, suppres- 
sion of the output of TSH is apt to arrest the 
growth of tumors of the thyroid or cause them 
to regress. Moreover, the response of such 
tumors to endocrine control tends to be of long 
duration or even permanent. The endocrine 
treatment of cancer of the breast consists of 
interfering with the balance of a system far 
more complex than the thyroid-pituitary axis. 
Recurrences of growth activity of tumors of the 
breast may be due to compensatory changes in 
the endocrine systems rather than to the 
development of autonomy by the cancer cell. 
The fact that mammary cancer, after a remis- 
sion induced by oophorectomy, still responds 
well to adrenalectomy or hypophysectomy 
suggests that it is not a change in the cells of 
the tumor but a compensatory reaction in the 
endocrine system of the host which causes the 
tumor to resume its growth. In the case of the 
thyroid, the axis is simpler and can be better 
controlled for longer periods of time. 
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THE DANGER OF TREATING WELL 
DIFFERENTIATED CANCER OF THE THYROID 
BY EXTERNAL RADIATION OR WITH 1}?! 


The relationship between radiation therapy 
in infants and the development of papillary 
cancer of the thyroid in children is well estab- 
lished, but it is not so widely appreciated that 
radiation of a low grade papillary tumor may, 
after a lag period of three to five years or more, 
transform it into a highly anaplastic and rapidly 
fatal type of cancer. Thirteen cases of such 
transformation already have been reported in 
the literature [3], and I do not doubt that when 
the principles involved are more clearly 
recognized more reports will follow. 

The mechanism by which radiation induces 
cancer has not been clarified. Some believe that 
the effects are induced directly by the action of 
ionizing radiation on the genetic mechanism of 
the cell. Others have shown that in some types 
of cancer the effects are induced indirectly. 
Kaplan [6], for example, has shown that in 
thymectomized mice subjected to total body 
radiation, thymic tumors can be induced in 
isotransplants of unradiated thymic glands. 
Similarly, shielding of a single leg protects mice 
against leukemia induced by total body radi- 
ation [6]. It is therefore difficult to say whether 
in man it is radiation per se or the second- 
ary effects of radiation that induces cancer 
of the thyroid in children or transforms low 
grade cancer in adults to that of a high 
malignancy. 

In most cases in which transformation to a 
high grade of malignancy has been observed, 
radiation has been intense and was given in the 
form of I'*!, Normally this form of radiation 
induces myxedema and exposes the thyroid and 
the tumors that arise from it to excessive 
stimulation by TSH. Often thiouracil or TSH 
is given to increase further the stimulation of 
the uptake of I'*!. In rats these technics are 
employed to produce cancer of the thyroid and 
to transform low grade endocrine-dependent 
tumors into anaplastic autonomous ones [2]. It 
is, therefore, not surprising to find that in man, 
cancer of the thyroid can be either induced or 
transformed into a more malignant type by the 
same methods that induce or transform it in 
rats. It is, however, surprising that physicians 
continue to radiate the thymic glands of in- 
fants and employ I'*! and thiouracil in the 


treatment of low grade papillary cancer that 
might be amenable to endocrine control. The 
following case, previously reported in detail [3], 
is illustrative of the sudden progression in 
malignancy that is apt to occur in low grade 
papillary cancer of the thyroid when it is 
exposed to the increased TSH of hypothyroid- 
ism and/or radiation. 


The patient, a fifty-five year old woman, had had 
proved papillary cancer of the thyroid for thirty- 
three years with metastases to the lungs and cervical 
nodes. Histologically, the tumor was predominantly 
follicular, and the spontaneous cessation of its 
growth probably was the result of autonomous 
formation of thyroid hormone by the tumor and 
inhibition thereby of the pituitary’s output of TSH. 
Although the tumor had shown no tendency to 
grow for at least twenty-five years, the patient was 
given large doses of I'*! and hypothyroidism was 
induced. The uptake of I'! was good and the 
tumor and its metastases disappeared. 

Three years after treatment with I'*!, anaplastic 
cancer developed in one of the previously involved 
cervical nodes and grew so fast that it proved fatal 
in five months. From beginning to end, the histology 
and clinical behavior of this tumor were fully 
documented. There can be no doubt that anaplastic 
cancer arose in remnants of the treated papillary 
tumor. 


Because both clinical experience and labora- 
tory investigation point to the dangers of 
radiating low grade cancers of the thyroid or of 
subjecting their hosts to hypothyroidism, it is 
urged that radiation therapy, whether external 
or by I'8!, be reserved for those cases in which 
surgical and endocrine therapy have failed. 


STIMULATION OF THYROID FUNCTION 
BY THYROID FEEDING 


For many years it has been observed that 
treatment with desiccated thyroid may induce 
hypothyroidism. In about one in 300 of a large 
series of patients with nodular goiters treated 
at the Cleveland Clinic with 2 to 3 gr. of 
thyroid daily, hyperthyroidism developed while 
the patient was under treatment and persisted 
after treatment was discontinued. It seems that 
in certain circumstances, the feeding of thyroid 
induces hyperthyroidism. Zondek and Leszyn- 
sky [7] have observed that feeding of short- 
acting thyroid substances can induce prolonged 
hyperfunction in the normally inactive thyroid 
of a cretin. It is not known how these changes 
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re brought about or whether they are direct 
fects of the thyroid substances on thyroid 
oithelium or the indirect results of suppression 
f the pituitary’s output of TSH. It is interest- 
ig that hyperthyroidism has developed in 
everal patients after hypophysectomy [5s]. 

Just as suppression of the output of TSH does 

ot necessarily lead to hypothyroidism, pro- 
ynged stimulation of the thyroid with TSH does 
ot necessarily lead to progressive increase in 
he function of thyroid cells. Again in certain 
ases the reverse effect may be observed. In the 
at, prolonged exposure of the thyroid to exces- 
ive amounts of TSH causes, in order, hyper- 
nlasia, nodules, dependent tumors, and finally 
.utonomous tumors that are undifferentiated 
ind devoid of function. If an excess of TSH can 
drive certain cells to functionless autonomy of 
srowth, it is possible that the suppression of 
TSH that occurs when thyroid is fed or when 
the pituitary is removed results occasionally in 
stimulation of the thyroid cells’ function. Some 
compensatory mechanism in the adaptive 
enzyme system of the thyroid’s cells may be in- 
volved. It is as though the cell, deprived of its 
usual stimulus to function, developed autono- 
mous function through some alternative enzy- 
matic pathway. 

The chief significance of this observation is 
not applicable to the treatment of benign 
goiters, for hyperthyroidism is not often 
induced by thyroid feeding and when it is, small 
doses of I'*! easily control it. Its most impor- 
tant application may lie in the treatment of 
tumors whose growth cannot be controlled by 
thyroid feeding and whose cells are not capable 
of concentrating I'*!. The following case is 
such an example. 


A woman had skeletal metastases of an adeno- 
carcinoma of the thyroid which did not take up I!*! 
even after destruction of the thyroid. The growth 
of the metastases was not controlled by thyroid 
feeding. While thyroid was being fed in doses of 
6 gr. daily, a rapidly growing metastatic lesion 
developed in the patient’s jaw. 

Despite the fact that the primary tumor and its 
skeletal metastases had never concentrated ['*!, 
the metastasis in the jaw was highly functional and 
was destroyed completely by a single dose of 50 mc. 
of ['31, This observation raises the possibility that 
large doses of thyroid, when given over long periods 
of time, occasionally may induce function in pre- 
viously non-functioning tumors and thus make it 
possible to treat these tumors with [!!, 


QUESTIONS ON THE ENDOCRINE DEPENDENCY 
OF TUMORS OF THE THYROID 


The following clinical questions frequently 
arise in connection with the endocrine control 
of cancer of the thyroid. 

1. What dose of desiccated thyroid is re- 
quired to control the growth of tumors of the 
thyroid? 

The dose depends on the brand of thyroid 
employed. Some brands are stronger than 
others. It is important not to use an enteric- 
coated brand which may not be absorbed. 
Armour Pharmaceutical Company makes no 
coated brand and has a well standardized prod- 
uct. The following doses apply to the Armour 
brand of desiccated thyroid. 

Doses of 1 gr. daily may have a slight retard- 
ing influence on the growth of thyroid epithe- 
lium. A dose of 2 gr. daily may stop all growth 
but rarely causes regression. Three grains a day 
usually causes regression of sensitive tumors. 
In some cases 4 gr. a day is required. 

The uptake of I'*! by the thyroid should be 
checked and if this is over 5 per cent, despite 
thyroid feeding, the dose should be increased. I 
have not seen regressions induced by doses of 
over 4 gr. in cases in which 3 or 4 gr. was not 
effective. Triiodothyronine is no more effective 
than thyroid. 

2. What side effects of thyroid feeding can be 
expected? 

In doses up to 3 gr. a day thyroid rarely 
causes side effects. Protein-bound iodine and 
the clinical status of thyroid balance are not 
often affected because the feeding of thyroid 
suppresses the output of TSH and the gland 
stops making thyroid hormone. In doses up to 3 
gr. daily the only change is that the output of 
TSH is suppressed, and the patient is using 
exogenous instead of endogenous thyroid hor- 
mone. An exception to this rule occurs when 
exogenous thyroid is added to the output of an 
autonomously functioning adenoma and toxic- 
ity ensues. 

3. What dose of desiccated thyroid is re- 
quired to suppress the output of TSH in 
children? 

The thyroid requirements of children appear 
to be the same as those of adults. Even infants 
tolerate doses of 2 gr. of thyroid daily and re- 
quire such doses to obtain full suppression of 
TSH. Children with cancer of the thyroid 
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should be treated with the same doses of thyroid 
as are employed in adults. 

4. What types of cancer of the thyroid 
respond best to thyroid feeding? 

Differentiated tumors show the best response. 
Anaplastic tumors never respond, and rapidly 
growing adenocarcinomas rarely do. Occa- 
sionally the growth of any amyloid-forming 
medullary carcinoma seems to be inhibited by 
thyroid feeding, but striking regressions have 
not been observed. The growth of some 
angioinvasive carcinomas appears to be slowed 
or stopped, but regression is rare. The papillary 
carcinomas and their follicular variants are the 
most endocrine-dependent of the thyroid 
tumors. 

Except in patients in the extremes of life, the 
majority of papillary carcinomas will stop 
growing or regress when full doses of thyroid are 
given. In prepubertal children and in patients 
over fifty, papillary carcinomas tend to be more 
malignant and less responsive to thyroid feed- 
ing. Except in patients of these ages, the growth 
of the majority of papillary carcinomas can be 
controlled by feeding thyroid. 

5. How long does it take for objective evi- 
dence of regression to appear? 

Usually regression is apparent in two or three 
months, but sometimes it proceeds more slowly 
and two or three years may elapse before 
significant regression is evident. The spectrum 
of response varies from slight slowing of pro- 
gressive growth through complete arrest of 
growth to complete disappearance of proved 
metastases. In patients whose tumors appeared 
for the first time when they were over fifty 
years of age, regressions are rare and the tumors 
tend to be more autonomous. Some of the 
tumors in prepubertal children may show 
striking regression, but others may show little 
or no response. 

6. How long do the remissions last? 

To date we have seen no tumor that regressed 
and later grew again. For periods of time of up 
to ten years in one case and over twenty in those 
cases reported by Dunhill [4], regressions have 
persisted as long as thyroid is fed. However, 
in several cases of non-papillary tumors in which 
there was no primary regression but growth 
appeared to be arrested, the tumor later 
resumed its growth despite continued feeding of 
thyroid [7]. 

7. What effect does hypothyroidism induced 
by radiation, total thyroidectomy or feeding of 
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thiouracil have on the growth of endocrine- 
dependent tumors of the thyroid? 

Anything that induces hypothyroidism stim- 
ulates the output of TSH and increases the rate 
of growth of endocrine-dependent tumors of the 
thyroid. Fortunately, the growth induced by 
hypothyroidism usually is reversible and 
regresses when thyroid is fed. Nevertheless, 
periods of hypothyroidism induced by treat- 
ment should be no longer than is absolutely 
necessary. 

8. Are there cases in which tumors are well 
differentiated enough to take up I"! and 
destroy themselves but still do not regress in 
response to thyroid feeding? 

Yes, but rarely. Almost all tumors that are 
so well differentiated and thyroid-like in their 
behavior that they will concentrate I'*! regress 
or at least cease growing when thyroid is fed. 

g. Are there cases in which the tumor fails to 
take up I'*! but nevertheless responds to 
thyroid feeding? 

Yes, many papillary carcinomas and some 
well differentiated non-papillary carcinomas 
show no function yet respond well to treatment 
with desiccated thyroid. 

10. Should patients with inoperable cancer 
of the thyroid be treated with I'*! before being 
treated with thyroid? 

No, treatment with I'*! may transform low 
grade cancer to anaplastic cancer of the highest 
order of malignancy. Since treatment with 
thyroid involves no such danger it should be 
tried first. 

11. When should thyroid be given 
postoperatively ? 

Thyroid should be given after all operations 
for differentiated tumors of the thyroid and 
nodular goiter in young or middle-aged persons. 
It should also be given to patients with struma 
lymphomatosa and to those with diffuse 
hyperplasias without hyperthyroidism. It is 
also valuable in preventing the progressive 
growth of small nodular goiters. 

12. For how long should patients take 
thyroid? 

Patients with cancer or struma lympho- 
matosa should take thyroid for the rest of their 
lives. Patients with nodular goiters should take 
thyroid at least up to the age of sixty years. If 
thyroid is not taken, the majority of young pa- 
tients operated upon for nodular goiter have 
recurrences within twenty years. 

13. What is the advantage of giving thyroid 
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prophylactically after operations for carcinoma 
of the thyroid as compared with deferring treat- 
ment until recurrences appear? 

If small metastases are present their growth 
may be slowed, even if not altogether stopped, 
by thyroid feeding. If the metastases grow 
slowly the patient may live out his natural life 
without symptoms developing. If, on the other 
hand, the metastases grow rapidly to sympto- 
matic size and the patient is treated by feeding 
thyroid, even a slight, additional growth may 
prove fatal. 
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ARCINOMA Of the breast is the most common 
C malignant tumor of human beings. Ap- 
proximately 26 per cent of all cancer in females 
originates in the breast, and about 4 per cent 
of all adult females acquire this neoplasm some- 
time during their life span [z]. Regardless of 
initial therapy, only 40 per cent of patients with 
carcinoma of the breast are free of the disease 
at the end of ten years [9]. Thus, a majority of 
such patients become candidates for some form 
of palliative treatment, such as radiation, 
hormones or chemotherapy. Following the 
original observations of Beatson in 1896 on the 
effects of castration on human mammary carci- 
noma, it has now become well established that 
certain malignant tumors of the breast can be 
influenced by a change in their hormonal en- 
vironment [6]. Indeed, following Huggins’ 
observation in 1942 on the effect of castration 
in human prostatic carcinoma, a number of 
different carcinomas have been found to re- 
spond to a change in their hormonal environ- 
ment and, in general, they are carcinomas that 
arise in tissue which in the normal state is under 
hormonal influence. Malignant human tumors 
that have responded to hormonal environ- 
mental change are those originating in the fol- 
lowing tissues: breast, prostate, thyroid, reticu- 
loendothelial system and uterus (endometrium) 
[13]. 

At present, the wealth of information on 
studies of clinical response stands in contrast to 
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the dearth of knowledge concerning the effect 
of hormones on the metabolism of cells, both 
normal and neoplastic. Recent progress in this 
direction has been made, however [21,23], and 
promises to be of fundamental importance to 
the whole problem of growth in carcinoma [8]. 
Thus, the use of hormones in the treatment of 
carcinoma of the breast must be empiric, but 
it is of great importance to emphasize the 
following concepts based on clinical experience: 

1. Hormone therapy is not curative and 
should be considered only when a tumor is 
beyond hope of cure by means of surgery or 
radiation. 

2. Hormone therapy should be started only 
after the hormonal status of the patient and the 
rate of tumor growth have been ascertained as 
accurately as possible. The natural history of 
carcinoma of the breast with its diverse 
biologic predetermination indicates that many 
patients with metastatic disease may live 
asymptomatically for many years; some may 
be worsened by the institution of hormone 
therapy. 

3. Until well controlled studies have demon- 
strated the additive effect of combined therapy, 
such as surgery plus castration, ablative 
therapy plus hormones, or two hormones to- 
gether, hormonal therapy is better carried out 
in sequence. Indeed, not infrequently the with- 
drawal of hormones no longer effective may 
produce a partial remission. 

4. As a corollary of the previous statement, 
there is no good evidence that prophylactic 
therapy with hormones or ablative surgery 
following radical mastectomy can prevent or 
defer the appearance of metastases [22]. 

5. The administration of hormones may be 


iccompanied by serious complications, some of 
vhich are the direct result of acceleration of 
umor growth. 

The alteration of the hormonal environment 
if patients with carcinoma of the breast can be 
ichieved in two ways: (1) ablative surgery in 
vhich the site of endogenous production of sex 


1ormones is removed, such as castration, 
idrenalectomy or hypophysectomy; (2) the 
idministration of pharmacologic doses of hor- 
nones which upset the hormonal balance of the 
host, making a less favorable milieu for neo- 
nlastic proliferation of hormone-dependent 
cells. Both procedures may be equally effective 
in selected patients and also in the same patient. 
The sequence and choice of therapy depend 
primarily on the age of the patient and the 
nature and extent of disease. (Table 1.) 

It is now generally agreed that the menstruat- 
ing female with metastatic carcinoma of the 
breast should have castration as the first form 
of therapy. We presently prefer surgical castra- 
tion to radiation, since it is quicker and more 
predictable in its effect. Following this therapy, 
there is no general agreement as to the treat- 
ment of choice. In general, those patients who 
have had a favorable response to surgical 
castration, as evidenced by shrinkage of tumor 
masses and recalcification of bony lesions (30 to 
40 per cent), are the ones who will benefit from 
other therapy, either ablative or hormonal. 
Most of those premenopausal patients who do 
not achieve good results from surgical castra- 
tion will usually receive no significant objective 
benefit from other types of hormone therapy. 
In this group, further operative procedures are 
not indicated but hormones, such as corti- 
costeroids, and chemotherapy may be of 
palliative symptomatic benefit. The response to 
surgical castration is therefore the best means 
of selecting patients for future hormonal 
therapy. 

In the postmenopausal group of patients, no 
such convenient guidepost exists. However, 
those patients who respond to one hormone are 
probably the ones who will later respond to 
other changes in their hormonal environment. 
We have followed up a few patients for as long 
as twelve years, during which time each change 
in the hormonal environment brought about 
an objective remission lasting anywhere from 
nine months to two years. It is obvious that the 
selection of patients for hormonal therapy and, 
indeed, the specific hormone is largely empiric, 
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TABLE I 
SEQUENCE OF TREATMENT FOR ADVANCED CANCER 
OF BREAST 
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Premenopausal 
1. Surgical castration 
If no remission try: 
2. Androgens 
3. Chemotherapy 


Remission: 
2. Corticosteroids 
3. Androgens 
4. Hypophysectomy 


Meonopausal and up to 5 years’ postmenopausal 
1. Establish level of follicle-stimulating hormone 
2. Cornification of vaginal smear 
a. If follicle-stimulating hormone is low and smear 
cornified (over 50 per cent cells) treat as pre- 
menopausal 
b. If follicle-stimulating hormone is high and 
smear not cornified (less than 50 per cent cells) 
treat as postmenopausal 
3. Corticosteroids 
Remission: 
4. Androgens 
5. Hypophsectomy 
6. Chemotherapy 


* If no remission try: 
4. Oophorectomy 
5. Androgens 
6. Chemotherapy 


Postmenopausal 

1. Estrogens 
If no remission try: 
2. Androgens 
3. Corticosteroids 
4. Chemotherapy 


Remission: 
2. Androgens 
3. Corticosteroids 
4. Hypophysectomy 


and one must be guided by the previous re- 
sponse to ablative surgery or hormones. 
Numerous attempts to select patients on the 
basis of urinary estrogens [7], urinary gonado- 
tropins [15], metabolism of tumor tissue as 
measured by radioactive isotope uptake [5s], 
uptake of nucleic acid precursors [20] and 
measurements of estrogen-sensitive enzyme 
systems [10] have not yet been useful in bring- 
ing about a clear-cut selection of patients for 
therapy. Our present guide for sequential 
therapy of hormones in patients with carci- 
noma of the breast may be seen in Table 1 and 
is subject to individual change depending upon 
the patient’s tolerance to hormones. 


TESTOSTERONE 


The beneficial effects of the administration of 
testosterone to patients with carcinoma of the 
breast was first reported by Adair and has been 
well confirmed [2,19]. Approximately 20 per 
cent of patients in the postmenopausal age 
group will respond to the administration of 
testosterone with recalcification of bony lesions. 
The effect of testosterone on soft tissue lesions 
is often less, about 5 to 10 per cent. In 80 to 90 
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per cent of these patients, there is symptomatic 
benefit with relief of bone pain and gain in 
appetite and weight. However, symptomatic 
benefit must not be considered synonymous 
with objective benefit, since rapid acceleration 
of growth, as demonstrated by a skeletal sur- 
vey, can accompany marked symptomatic 
benefit. Testosterone is most effective in pa- 
tients in the postmenopausal age group, 
particularly regarding the soft tissue response. 
(Fig. 1.) 

Method of Administration. The following 
preparations in a dosage of 50 to 100 mg. 
intramuscularly three times weekly are equally 
potent: (1) testosterone propionate, (2) dihydro- 
testosterone (androstanalone), and (3) 2 alpha- 
methyl dihydrotestosterone. Oral preparations 
such as methyl testosterone, 200 mg. every day, 
and fluoxymestrone, 20 to 40 mg. every day, are 
much less effective. 

In all instances androgen therapy should be 
continued for a minimum of three months un- 
less there is definitive evidence of the progres- 
sion of lesions. In lesions showing favorable 
objective response, it should be continued until 
relapse occurs. Since oral medication is more 
expensive and less effective, intramuscular 
administration is, at present, preferred. 

Undesirable Effects. Administration of an 


effective dose of testosterone in female patients 
is almost always attended by virilization. 
Hoarseness and deepening of the voice, 
hirsutism of the face, arms and legs and occa- 
sionally over the entire body, facial flush and 
acne, temporal recession and thinning of scalp 
hair, and enlargement of the clitoris with in- 
creased libido are all common. Fluid retention 
may also occur, and in elderly patients this 
may constitute a hazard to the cardiovascular 
system with the development of congestive 
failure. The-use of a low salt diet and diuretic 
therapy will usually control this situation. 
The administration of testosterone propionate 
usually causes a fall in urinary gonadotropins, 
and a few patients have shown cornification of 
vaginal smears, pigmentation of the nipples and 
withdrawal bleeding. The latter estrogen-like 
effects are probably related to the metabolism 
of testosterone to active estrogen which seems 
to be a normal minor pathway of testosterone 
metabolism within the body [3]. The most 
serious adverse effect of testosterone is the 
induction of hypercalcemia. Because of the 
selection of patients with predominant bone 
disease for this form of therapy, the incidence 
of this complication is higher with androgen 
(14 per cent) than with estrogen therapy (8 to 
10 per cent). When hypercalcemia occurs with 
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estosterone therapy, it tends to occur early in 
he first two to three weeks and occasionally 
fter only one or two doses of testosterone have 
een administered. It is usually accompanied 
yy symptoms of dry mouth, polydipsia and 
olyuria, nausea and vomiting, followed by 
nental apathy leading to drowsiness, stupor 
ind coma. Because of this serious complication, 
serum calcium levels should always be obtained 
vefore beginning testosterone therapy. Un- 
treated hypercalcemia may lead to sudden 
leath, presumably due to the known effects of 
»xcess calcium on the heart muscle as evidenced 
clinically by a shortened Q-T interval and 
experimentally by “calcium rigor” of the heart. 
The treatment of hypercalcemia consists of 
discontinuance of the offending hormone and 
administration of large amounts of intravenous 
fluids and corticosteroids. The dose of cortico- 
steroids should always be high, 100 to 300 mg. 
of cortisone or equivalent doses of derivatives 
such as prednisone or prednisolone. 

Quite frequently the initial two to three 
injections of testosterone will cause an increase 
in bone pain. This must be differentiated from 
true acceleration of disease by careful clinical 
and laboratory evaluation. In such instances the 
pain disappears during continuance of the drug 
and a remission may follow. 

Since masculinization is a frequent undesira- 
ble effect of testosterone propionate, many less 
androgenic compounds have been devised to 
see whether the same objective benefit can be 
achieved without masculinization. These com- 
pounds have been primarily the  19-nor- 
testosterone derivatives, but in producing an 
antitumor effect they inevitably produce 
masculinization [4]. Halogenation of testos- 
terone to fluoxymestrone does produce a more 
androgenic compound milligram for milligram 
but does not increase the percentage of patients 
responding to its administration. More rec- 
ently, an inert testosterone derivative, delta-1- 
testololactone, has been found to be effective in 
the management of carcinoma of the breast. 
This compound is of great interest since it 
presently appears to be devoid of a sex hor- 
mone effect. It does not change the gonado- 
tropin levels and yet seems to be effective in the 
palliative management of carcinoma of the 
breast in about 30 per cent of the patients [78]. 
If these initial studies are confirmed by others, 
this compound may well be the androgen of 
choice, since undesirable masculinizing effects 
are not present. 
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ESTROGENS 


The paradoxic finding by Nathanson, con- 
firmed by others [16], that estrogens could in- 
duce remission of carcinoma of the breast was 
unexpected. Estrogen was initially given to 
cause exacerbation of this condition in an 
attempt to increase the tumor’s susceptibility 
to radiation. Nathanson chose as his first pa- 
tient an elderly female who after two weeks of 
estrogen therapy showed pronounced regression 
of soft tissue disease. Because of this observa- 
tion a trial of estrogenic hormone in all types of 
patients with metastatic carcinoma of the 
breast was undertaken. Estrogens have been 
found to be beneficial in 40 to 45 per cent of pa- 
tients who are more than five years post- 
menopausal [17]. Benefit is obtained only when 
the estrogen is used in very high pharmacologic 
dosages. The oral dose of ethinyl estradiol is 
1 mg. three times a day; stilbestrol, 5 mg. three 
times a day; and Premarin,® 10 mg. three times 
a day. Lower doses give a lower response rate, 
and higher dosages do not increase the 
response rate. Estrogens given to premeno- 
pausal females may cause exacerbation of the 
disease or at times no change [17]. This state- 
ment is based on the use of estrogen in only 
eleven premenopausal females. It may be of 
interest to study more premenopausal females 
using rather massive doses of estrogen. Follow- 
ing the administration of estrogen in the post- 
menopausal female, the average length of 
objective benefit is twelve to fourteen months. 
Estrogens induce such remission primarily in 
soft tissue. However, in 20 per cent of the cases 
they also cause recalcification of bony lesions. 
Most clinicians interested in carcinoma of the 
breast believe that the direct effect of estrogens 
on the malignant cell is one of stimulation in the 
same way normal breast tissue is stimulated by 
a combination of estrogen, progesterone and 
pituitary factors [11]. It is thought by some that 
estrogen may be very harmful even in patients 
in the postmenopausal age groups. That the 
opposite frequently occurs may be because 
estrogens in high dosages suppress pituitary 
activity with resultant inhibition of necessary 
pituitary hormones. 

Undesirable Effects. Stress incontinence oc- 
curs quite frequently, especially in elderly 
persons, and in a small percentage of patients it 
may be so severe that discontinuance of the 
hormone becomes necessary. Pigmentation of 
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both nipples occurs almost universally and is 
more pronounced in darker-skinned females. 
Sodium retention with consequent water reten- 
tion in patients with low cardiac reserve is a 
hazard. The weight must be carefully watched. 
We usually put patients on a low salt diet when 
we begin estrogen therapy and administer 
diuretics and digitalis only when needed. Very 
rarely do we have to discontinue estrogens be- 
cause of fluid retention when these measures are 
used. Rarely, increased libido develops. A small 
percentage of patients develop spotting and 
occasional bleeding. Withdrawal bleeding al- 
most always occurs to some degree in patients 
with intact endometria. In about 10 per cent of 
patients who have received objective benefit 
with administration of estrogen, withdrawal of 
estrogens after relapse will produce an addi- 
tional short-lived response. Hypercalcemia is 
the most serious complication .of estrogen 
therapy and does occur in about 8 per cent of 
patients receiving estrogens. Withdrawal of 
estrogens and administration of intravenous 
fluids and cortisone may be necessary to 
counteract this complication. Hypercalcemia 
is thought to be related to acceleration of tumor 
growth in bone. However, on at least two occa- 
sions, we have noticed a relief of hypercalcemia 


and an objective remission while continuing 
estrogen therapy. Perhaps at first estrogen 
causes an exacerbation by working synergisti- 
cally with pituitary hormones, but later inhibi- 
tion of pituitary secretion takes place and the 
over-all effect on tumor growth is reversed. 


CORTICOSTEROIDS 


Administration of corticosteroids to patients 
with metastatic carcinoma of the breast pro- 
duces objective benefit in about one-third of 
the patients. The dose of cortisone also must be 
high, at least 100 to 300 mg. of cortisone or 
hydrocortisone, or 30 to 60 mg. of prednisone or 
prednisolone. Cortisone does not seem to be 
effective in those patients who have active 
ovarian function. Cortisone or prednisone 
causes objective remissions lasting as long as 
twenty-three months with a median duration of 
nine months [14]. It is most successful in those 
patients who have previously responded to 
oophorectomy. The undesirable effects of 
corticosteroids, such as edema, cushingoid 
facies, hypertension, aggravation or induction 
of diabetes, peptic ulcerations and bleeding, 
may occur in any of the patients receiving 
cortisone. At the dose necessary in the treat- 
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ment of carcinoma of the breast, cushingoid 
facies and weight gain are frequently present. 
Once an initial response has occurred, the dose 
can be gradually reduced, causing a reduction 
of side effects but no apparent loss in effective- 
ness. Cortisone has its main effect on soft tissue 
disease, but in a few cases it has produced re- 
calcification of osteolytic lesions. This is 
paradoxic since cortisone given to patients 
without carcinoma of the breast usually pro- 
duces hypercalcemia or hypercalciuria and 
osteoporosis, which is characteristic of Cush- 
ing’s disease. It is probable that the inhibition 
of the growth of cells in carcinoma of the breast 
within the bone tips the host-tumor relation- 
ship in favor of the host, so that repair of 
osteolytic lesions occurs in spite of the anti- 
anabolic effect of cortisone on bone matrix. 
Corticosteroids have also been found useful in 
the treatment of cerebral metastases with con- 
vulsions and, indeed, it is probably the only 
hormonal agent that has been successful in the 
management of such patients. It also may be of 
value in controlling pleural and abdominal 
effusions. 


PROGESTERONE 


The use of progesterone in the treatment of 
carcinoma of the breast is presently under 
intensive investigation. Early results with 
g-alpha-bromo-11-beta-ketoprogesterone have 
been promising [72]. Seven of thirty-four pa- 
tients showed objective improvement lasting 
up to five and a half months. In our clinic, 
responses have been seen in a few patients 
receiving doses of 150 to 1,000 mg. of proges- 
terone per week in the form of Delalutin.®* At 
these dosages, no evidence of estrogen effect has 
occurred, as indicated by nipple pigmentation 
or cornification of vaginal smears. At the pres- 
ent time, a survey is being made on the 
comparative effects of Delalutin and testos- 
terone, and our initial results indicate that 
Delalutin is certainly no better than testos- 
terone and may be slightly less effective. 


SUMMARY 


The palliative management of metastatic 
carcinoma of the breast may be accomplished 
by either additive or ablative changes in the 
hormonal environment of the patient. As yet it 
has not been possible to predict those patients 


* (17-alpha-hydroxyprogesterone-17-n-caproate), 
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who will and those who will not respond to 
hormonal therapy. It has been suggested that 
hormonal therapy is successful because certain 
carcinomas of the breast retain enough of their 
premalignant characteristics to be responsive 
to progesterone, estrogen and pituitary factors 
including growth hormone. Those patients who 
exhibit a response to surgical castration usually 
respond to another type of hormonal therapy, 
such as adrenalectomy, hypophysectomy or 
additive therapy. Hormone therapy may be 
combined with other types of treatment for 
palliative effect, such as x-ray therapy and, 
rarely, surgery. The conversion of an inopera- 
ble carcinoma to an operable one is probably 
not achieved by hormonal therapy. Pathologic 
studies would seem to back this up, since 
biopsy during successful hormonal therapy has 
always demonstrated small foci of tumor cells. 
Therefore, those tumors which are inoperable 
because they involve supraclavicular lymph 
nodes, for example, will probably still have 
small metastatic foci present in the nodes after 
successful antitumor therapy with hormones. 

We believe that the patients who respond to 
additive hormone therapy are the same group 
who respond to ablative hormone therapy, and 
that a therapeutic trial is the only way of 
distinguishing these patients. Thus, the im- 
portance of a careful evaluation must be 
re-emphasized. 

Finally, although hormonal therapy of carci- 
noma is palliative, it is extremely beneficial and, 
when successful, restores very ill patients to 
useful and productive lives. 
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gw the period from March 1954 to 
September 1959, surgical hypophysec- 
tomies were performed upon 343 patients with 
metastatic mammary carcinoma. The results 
for the first 109 patients have previously been 
presented in detail [1,2]. In this report, these 
results are brought up to date, and the results 
in an additional 234 patients are presented. 
This experience provides a basis for evaluation 
of this therapeutic procedure and for selection 
of patients who are likely to obtain a favorable 
response. 


METHODS AND PROCEDURE 


All patients who underwent hypophysec- 
tomy, with the exception of nine, had evidence 
of advancing metastatic disease, and the 
majority were extremely ill. Most of them had 
received other forms of endocrine and radiation 
therapy before hypophysectomy. No attempt 
was made to select patients for hypophysec- 
tomy. The only criterion for acceptance was 
our opinion as to whether the patients could 
survive the surgical procedure. A few patients 
were rejected because of severe impairment of 
function of the liver, lungs or brain. Hypophy- 
sectomy was performed upon nine patients 
shortly after radical mastectomy. These pa- 
tients constitute a new experimental series 
designed to test whether early, optimal 
endocrine therapy will provide more effective 
control than that carried out at a later stage of 
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the disease. Only patients with extensive 
axillary metastases at the time of radical 
mastectomy are accepted in this study. 

The operative technic employed in these pa- 
tients has been described in detail elsewhere [3]. 
In brief, the procedure consisted of a coronal 
scalp incision behind the hairline, removal of 
the right frontal bone plate, division of the 
hypophyseal stalk, removal of the pituitary 
gland by curettage, abrasive swabbing and 
suction, and finally, exposure of the sella 
turcica to Zenker’s solution. Only a small 
amount of scalp hair was removed preopera- 
tively, so that at the time of discharge there was 
essentially no disfigurement from the operation. 
The operation was well tolerated, and most pa- 
tients were ambulant in twenty-four to forty- 
eight hours. The average period of hospitaliza- 
tion for ambulant patients was about ten days. 

The hormonal replacement therapy after the 
operation also has been presented in detail 
elsewhere [4]. Maintenance therapy consisted of 
37.5 mg. of cortisone and 120 mg. of desiccated 
thyroid orally per day. Some patients required 
posterior pituitary powder by nasal insufflation 
for control of thirst and polyuria. During 
periods of stress the patient usually required in- 
creased cortisone replacement. This regimen did 
not constitute a significant burden for the pa- 
tient. The patient who has undergone hypophy- 
sectomy has a normal appearance, normal 
mental [5] and physical functions, and can lead 
a normal life. The physiologic effects of 
hypophysectomy have been reported [6]. 

The criteria for evaluating the results of 
hypophysectomy are summarized in Table 1. 
Only objective evidence of improvement was 
considered a significant result. All patients who 
had objective improvement also had subjective 
improvement. A few patients obtained symp- 
tomatic improvement when there was objective 
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TABLE I 


riteria of regression: 

Recalcification of bone lesions 

Diminution in size of any lesion, with no new lesions 
appearing and no progression of existing lesions 

riteria of arrest: 

No further progression of previously progressing 
lesions 

No new lesions or progression of existing lesions 


vidence of progression of the cancer. Such 
atients were classified in the failure group. A 
ew patients with osseous metastases had 
aarked symptomatic improvement, but cerial 
oentgenograms failed to demonstrate d.’ aite 
ecalcification and were reported as showing no 
nterval change. These patients were classified 
n the group with arrest of cancer. A period of 
two months was considered the minimum period 
lor the evaluation of objective improvement. 
Some patients have objective improvement 
which lasts only a few months. Thus, for more 
critical evaluation of the benefit of hypophy- 
sectomy, the objective remissions were divided 
into two groups: those of six months’ duration 
or longer and those of less than six months’ 
duration. 

The operative mortality is summarized in 
Table 1. An arbitrary time of thirty days after 
operation was chosen as a fair period in which 
to consider death due to surgery. The mortality 
rate from all causes was 6.6 per cent: 1.2 per 
cent of the deaths were directly attributable to 
surgery, 3.1 per cent were due to complicating 
disorders, and 2.3 per cent of the patients died 
from cancer within thirty days of operation. 

Postoperative complications are listed in 
lable 11. Two patients had important visual 
loss, although one returned to work as a hair- 
dresser and the other had partial, but useful, 
‘ision remaining in one eye. There was no loss 
f visual acuity in those patients suffering from 

isual field defects, and most of these defects 
vere evident only on visual testing. If the 
)peration is carefully performed, the occur- 
ence of visual damage can be kept to a mini- 
num, as suggested by the fact that in the last 
50 patients operated upon there has been no 
erlous visual loss. Three patients in the first 
roup had transient hemiparesis, from which 
hey recovered completely or in large part. 
‘our patients required exploration of their 
ounds for removal of intracranial clots, but all 
scovered. Two patients required reoperation 
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TABLE 
MORTALITY FROM HYPOPHYSECTOMY 


No. of Deaths 


Cause of Death 2nd Group 


(109 
Patients) 


1st Group 
(109 


Patients) Patients) 


Pulmonary embolus 
Anesthesia 

Myocardial infarct 
Circulatory failure 

Acute tracheobronchitis. .. . 
Cerebral thrombosis 
Cardiac arrest............. 
Cancer 


On O 


8 (7.3%) 7(5.5%) 


TABLE III 
COMPLICATIONS AFTER HYPOPHYSECTOMY 


No. Affected 


Complication snd 


(109 
Patients) 


1st Group 
(109 
Patients) 


3rd Group 
(127 
Patients) 


Serious visual loss 

Visual field defects 
Neurologic involvement... . 
Intracranial clot 

Wound infection 
Myocardial infarct 
Rhinorrhea, reoperation... . 
Wound revision in 5 mo.... 
Pathologic fracture of 


om oneooe 


14(12.9%)| 7(6.4%) | 8(6.3%) 


because of rhinorrhea, and in both patients the 
rhinorrhea stopped. All other patients re- 
covered uneventfully from the complications, 
and there were no significant residual ones. In 
addition to the complications listed, some pa- 
tients lost their sense of smell and transient 
rhinorrhea developed in a few. The loss of smell 
did not elicit serious complaint, and the rhinor- 
rhea subsided spontaneously within one to 
two weeks. One or more convulsive attacks 
developed in about 5 per cent of the patients 
during the first ten days after operation. There 
were no late convulsive seizures, except in pa- 
tients with cerebral metastases. 


RESULTS 


The results of hypophysectomy in 343 pa- 
tients are summarized in Table tv: 144 patients 
obtained objective remissions; of these, 123 


3rd Group 
(127 
I 
I ° 
1 
2 
1 
I 
3 3 

2 
6 1 
3 ° 
3 1 
I 
° I 
° I 
I 

Meningitis (?).............] 0 I 
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TABLE Iv 

RESULTS OF HYPOPHYSECTOMY 

| | 

Ist and | 
Group | Group Total (343 
(109 (234 Patients) 
Patients)|Patients) 


Results 


Postoperative deaths. . 
Remissions: 
More than 6 mo... .| 
Less than 6 mo.... .| 
“Prophylactic” 
Unevaluated.........} 


* Seven of these fifteen patients were still in remis- 
sion at the time of evaluation (November 1, 1959). 


15 | 236.7%) 


113 (33.0%) 
31 (9.0%) 
166 (48.4%) 
9 (2.6%) 

1 (0.3%) 


demonstrated regression and twenty-one dem- 
onstrated arrest. 

In Table v, the patients are divided into 
groups according to their menopausal status 
before hypophysectomy. 

Premenopausal Patients. Of twenty pre- 
menopausal patients, twelve (60 per cent) 
obtained objective improvement from hypophy- 
sectomy. This is to be compared with a 44 per 
cent incidence of remissions in a larger series of 
premenopausal patients undergoing oophorec- 
tomy [7]. Although the number of patients who 
underwent hypophysectomy is too small to 
attach significance to this difference in incidence 


of remissions, this series should be extended to 
evaluate the potential superiority of hypophy- 
sectomy. The duration of the hypophysectomy- 
induced remissions (mean, more than 12.3 
months; median, more than eleven months) 
compares favorably with those for oophorec- 
tomy (mean, more than 14.3 months; median, 
nine months). Since six of twelve patients who 
underwent hypophysectomy are still in re- 
mission, it is anticipated that the duration of 
hypophysectomy-induced remissions will ex- 
ceed that of oophorectomy. The premenopausal 
patients undergoing hypophysectomy should be 
compared with those who have undergone 
sequential oophorectomy and hypophysectomy, 
since there is a very high incidence of remissions 
from hypophysectomy in patients who have 
previously obtained remissions from oophorec- 
tomy, as will be described later. Of nineteen pa- 
tients in this series who have obtained both 
oophorectomy- and hypophysectomy-induced 
remissions, the combined remissions have 
averaged over 23.6 months, with a median of 
twenty-one months. The present data do not, 
as yet, permit an evaluation between primary 
hypophysectomy and sequential oophorectomy 
and hypophysectomy. Another factor to be 
considered is the predictive value of oophorec- 
tomy in determining the subsequent response to 
hypophysectomy. 

Post-therapeutic Castration. Ninety-four pa- 
tients in this series had undergone therapeutic 


TABLE 
MENOPAUSAL STATUS BEFORE HYPOPHYSECTOMY AND RESULTS OF HYPOPHYSECTOMY 


| 
Remissions 
| 


No. 


Duration of No. of Patients 


Patients* 


Survival In 
(mo.) Remission 


Remissions 


(mo.) Living 


Premenopausal 
Post-therapeutic oophorectomy... . . 
Post-therapeutic castration by 

x-ray therapy........... 
Postprophylactic castration 
Induced menopause 
Spontaneous menopause 
Post-therapeutic oophorectomy and 

adrenalectomy............ 


12.3+ 


17.0+ 
1i8.1+ 


10.4+ 
11.3+ 
11.3+ 
13.8+ 


17.0+ 
15.6+ 
13.3+ 


* The twenty-three postoperative deaths, the nine prophylactic hypophysectomies and one unevaluated patient 
are not included in this tabulation. Five patients fell into two classifications, and are thus counted twice. 
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| 
an 
0 9 | 
| 
} 
| Per 
| cent | 
| | | 
66 | 30 45.4 | | 5 II 
28 50 2 2 
| | 38.6 | | 
| 3 4 
119 | 57 | 47.9 | | 18.9+ | 13 =... 
| | | | 
20 4 20 3.5 | | 
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TABLE VI 
RESULTS OF HYPOPHYSECTOMY IN PATIENTS WITH 
PREVIOUS THERAPEUTIC CASTRATION 


TABLE 
RESULTS OF HYPOPHYSECTOMY IN PATIENTS WITH 
SPONTANEOUS MENOPAUSE 


Response to 


Response to Hypophysectomy 


No. of ne 
-atients 


Remission | Failure 
(No. of (No. of 
| Patients) | Patients) 


Oophorectomy 


2 
22 
3 
9 


Castration by 
X-ray Therapy 


= objective remission 
= failure 
= remission occurred, but other therapy 
was given simultaneously 
? = response could not be evaluated 


castration prior to hypophysectomy, sixty-six 
by surgery and twenty-eight by x-ray therapy. 
Table vi presents a correlation between the 
initial response to castration and the sub- 
sequent response to hypophysectomy. Of 
twenty-three patients who obtained remissions 
from oophorectomy, twenty-one (g1 per cent) 
obtained remissions from hypophysectomy. In 
addition, of sixteen patients who had probable 
remissions from castration, twelve (75 per cent) 
had hypophysectomy-induced remissions. On 
he other hand, of twenty-nine patients who 
uiled to benefit from castration, twenty-seven 
93 per cent) also failed to respond to hypophy- 
ectomy. Thus, the response of the premeno- 
ausal patient to castration provides highly 
‘liable information concerning the subsequent 
esponse to hypophysectomy. These observa- 
ions provide a strong argument for the employ- 
1ent of oophorectomy as the initial treatment 
f choice for premenopausal patients with 
1etastatic cancer of the breast. 
Postpropbylactic Castration. Forty-four pa- 
‘ents had undergone castration at the time of 
lastectomy, approximately one-half by oopho- 


Menopausal Age (yr.) 


I-5 6-10 10+ 


21 (41%) | 20(51%) | 16 (56%) 
30 19 13 


51 39 29 


Chronologic Age (yr.) 


43-54 55-59 60-75 


Remissions 
Failures 


16 (40%) 
24 


18 (47%) 
20 


23 (56%) 
18 


40 


38 


rectomy and the other half by x-ray therapy. 
The only factor which can be evaluated in these 
patients is the time interval between castration 
and hypophysectomy. In the seventeen patients 
who obtained remissions from hypophysectomy, 
the time between castration and hypophysec- 
tomy was seventy-three months, whereas in the 
failure group the time interval was fifty-three 
months. The total survival time in the remis- 
sion group was over eighty-eight months with 
nine of seventeen patients still living, as com- 
pared to over fifty-eight months in the failure 
group with three of twenty-seven still living. 
This longer survival of over thirty months in 
the remission group may well be related to the 
therapy, but the number of patients is not 
sufficient to establish this relationship. 

Induced Menopause. Fifteen of the eighteen 
patients in this group had undergone incidental 
castration prior to the known onset of cancer. 
In three patients the menses had ceased after 
the use of testosterone for the treatment of 
metastatic disease. The high incidence of 
remissions in this group may well be fortuitous 
in this small series. 

Spontaneous Menopause. In Table vu the 
incidence of hypophysectomy-induced remis- 
sions is presented in relationship to menopausal 
and chronologic age. There appears to be a 


| Remissions....... 
21 | + 19 
9 ?+ 6 
3 ? 
| 
a4 + 2 
6 Oo I 5 
13 ? 5 8 
94 | 44 | 50 
Note: 
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TABLE VIII 
REMISSION AND SURVIVAL DATA 


No. of 


Remission (mo.) 


Survival (mo.) 
Still in 


Patients* 


Mean 


Remission 


Median Mean Median 


Group | 
Remission: 
More than 6 mo....... 
Less than 6 mo........ 


Group 2 
Remission: 
More than 6 mo....... 40 
Less than 6 mo........ 5 
55 


16+ 
8.2+ 
6.2+ 


* Twenty-three deaths, twenty with adrenalectomy, nine with prophylactic hypophysectomies and one un- 


evaluated patient have been omitted from this tabulation. 


t Includes six patients who are still in remission but have not yet reached six months. 


definite trend for a higher incidence of remis- 
sions with increasing menopausal age. 
Post-therapeutic Oopborectomy and Adrenalec- 
tomy. Of twenty patients who had previously 
undergone oophorectomy and adrenalectomy, 
four obtained remissions from hypophysectomy. 
From our previous series of hypophysectomies 
[3] there were five additional patients who could 
be evaluated, of whom two obtained remissions 
from hypophysectomy. Thus, our total experi- 
ence is with twenty-five patients, six of whom 
obtained remissions. Two patients had remis- 
sions of more than six months’ duration, and 
four had remissions of less than six months. The 
average duration of these remissions was 6.2 
months, and the average survival of these pa- 
tients was 9.2 months. These results appear to 
be insufficient to recommend hypophysectomy 
as a therapeutic procedure after oophorectomy 
and adrenalectomy. It is our opinion that either 
hypophysectomy or adrenalectomy should be 
performed in the appropriate situation, and 
that hypophysectomy is preferred when feasible. 
Duration of Remissions and Survival. Table 
vill presents the duration of remission and 
survival in 290 patients who underwent 
hypophysectomy. For the purposes of this 
evaluation, postoperative deaths, adrenalec- 
tomized patients, prophylactic hypophysec- 
tomies and one unevaluated patient have been 
omitted. The data have been divided into two 
groups. The results in the first group of eighty- 


nine patients are nearly complete, since only 
three patients are still in remission and only five 
are still living. The three patients have had 
remissions of fifty-four, forty-five and forty-one 
months, respectively, and the other two pa- 
tients who are living have survived fifty-eight 
and forty-five months, with remissions that 
lasted 48 and 24 months, respectively. It is 
apparent that about 40 per cent of the patients 
obtained objective remissions which lasted 
more than six months and averaged about one 
and a half years. About 10 per cent of patients 
obtained remissions of short duration but of 
questionable therapeutic value. The average 
survival of those patients who had remissions of 
six months or longer exceeds two years, as 
compared to an average survival of about six 
months for the failure group. Although the 
evaluation of survival time is fraught with 
many difficulties, it is our opinion that the 
prolonged survival in the remission group is 
due, at least in part if not wholly, to the effects 
of therapy. The results in the second group of 
patients appear to be approaching those of the 
first group. 

Factors Influencing the Response to Hypophy- 
sectomy. The most reliable index we have 
found for predicting a favorable response to 
hypophysectomy is a previous favorable re- 
sponse to oophorectomy in the premenopausal 
patient, as already mentioned. The response to 
the administration of hormones (androgens, 


| 
| | Per | Still 
| | cent | | Living 
| 37 | 42 | 17.3+ | 12 | 25.8+ | 22 | 3 5 
13 | 3-8 | 9.3 8 
| | | | | 
| | 
12.2+ | 12+ | 16+ | 30 46 
44 5 | | S+ | 3 
| 
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strogens or corticosteroids) prior to hypophy- 
ectomy has been less reliable in predicting the 
esponse to hypophysectomy. 

Approximately 100 patients in this series had 
ecerved androgen therapy prior to hypophy- 
sctomy. The response to androgen therapy 
requently could not be documented with 
ertainty, as this therapy had usually been 
iven by other physicians. Of those patients 
vho appeared to have had objective improve- 
,ent from androgen therapy, three-fourths had 
ibjective remissions from hypophysectomy. 
Thus, an objective response from androgen 
herapy would appear to have some predictive 
alue. However, of a larger group of patients 
vho seemed not to have benefited at all from 
indrogen therapy, one-third obtained objective 
mprovement from hypophysectomy. In those 
patients in whom the response to androgen 
therapy could not be evaluated, the rate of 
remission from hypophysectomy was 50 per 
cent. Forty-seven per cent of all the patients 
treated with androgens obtained remissions 
from hypophysectomy. 

Only thirteen patients in this series had 
received estrogen therapy prior to hypophysec- 
tomy. Of three patients who obtained remis- 
sions from estrogen therapy, two responded to 
hypophysectomy. In seven patients estrogen 
appeared to exacerbate the disease and, of these, 
five obtained remissions from hypophysectomy, 
In three patients the administration of estro- 
gens appeared to have no effect upon the dis- 
ease, and one of these patients responded 
favorably to hypophysectomy. Although these 
observations are quite limited, there is a sug- 
gestion that any response to the administration 
of estrogens, either favorable or unfavorable, 
may give some indication of a favorable 
response to hypophysectomy. 

Of twenty-nine patients who received corti- 
sone or its analogues prior to hypophysectomy, 
eight (28 per cent) obtained objective remis- 
sions from hypophysectomy. Thus, suppression 

f adrenal cortical function by corticosteroids 
Coes not preclude the possibility of a hypophy- 
ectomy-induced remission. This was also 
emonstrated in the group of patients pre- 
iously described who had undergone prior 
drenalectomy. Of five patients who obtained 
improvement from cortisone, three benefited 
hypophysectomy. Twenty-four patients 
not improve with cortisone, and five of 
'1ese patients responded to hypophysectomy. 


TABLE Ix 
DURATION OF CANCER AND RESULTS OF 
HYPOPHYSECTOMY 


Free Interval* (yr.) 


Result 
<1 2-4 4+ 


Remissions 28 (33 %)|36 (47%) (62%) (66%) 
Failures 57 41 29 21 


Mastectomy to Hypophysectomy 


<1 2-4 4+ 


Remissions 12 (34%)|14 (33 %)|45 (46%) |64 (60%) 
Failures 23 29 53 42 


* Free interval is the time from mastectomy to the 
first appearance of recurrence or metastases. 


The duration of cancer prior to hypophysec- 
tomy is positively correlated with the incidence 
of hypophysectomy-induced remissions, but 
this feature is not particularly helpful in 
deciding on therapy for the individual patient. 
Table 1x presents the free interval, i.e., the time 
from mastectomy to the first appearance of 
recurrence or metastases, and the time from 
mastectomy to hypophysectomy in relation to 
the incidence of hypophysectomy-induced re- 
missions. It is apparent that patients with more 
slowly progressing tumors are more likely to 
respond to hypophysectomy. Table x presents 
the average free interval, the time from mastec- 
tomy to hypophysectomy and the total survival 
time to date for remissions and failures. The 
survival times both before and after hypophy- 
sectomy are longer in the patients who obtained 
remissions, as compared to the failures. 

The age of the patient is not an important 
factor influencing the response to hypophysec- 
tomy, although in postmenopausal patients 
there is a tendency toward a higher incidence of 
remission with increasing age. (Table vii.) 

The location of the metastases does not 
appear to be of importance in determining the 
response to hypophysectomy. Table x1 sum- 
marizes the location of metastatic disease in 
140 patients with remissions and 150 patients 
classified in the failure group. There was an 
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TABLE X 
SURVIVAL TIMES BEFORE AND AFTER 
HYPOPHYSECTOMY 


TABLE XI 
LOCATION OF METASTASES AND RESPONSE TO 
HYPOPHYSECTOMY 


| | 
Mastectomy 
to Hypo- 
physectomy 
(mo.) 


| Free 
| Interval 
(mo.) 


Survival 


Result (mo.) 


Remissions (all)...| 38.8 61.1 
Failures (all) | : 40.2 


Difference... .. .| 


Remissions | 
More than 6 mo.| 41.9 


Difference 


average of 2.3 metastatic sites per patient in the 
remission group and 2.6 in the failure group. 
There is a somewhat lower incidence of remis- 
sions in patients with lesions of the liver, breast 
and skin. 

Measurement of the urinary excretion of 
pituitary gonadotrophin and estrogens has 
revealed no correlation between the level of 
these hormones in the urine and the response to 
hypophysectomy. These results will be reported 
in detail elsewhere. 

Completeness of Hypopbysectomy. An at- 
tempt has been made to obtain total hypophy- 
sectomy in every patient in this series. Measure- 
ments of urinary gonadotrophin and thyroid 
function have been made routinely in an at- 
tempt to assess the completeness of hypophy- 
sectomy. In none of these patients has there 
been a persistence of gonadotrophin excretion 
after hypophysectomy. In the vast majority of 
these patients thyroid function has _ been 
suppressed to the level of myxedema after 
hypophysectomy. We have encountered ten 
patients who have had persistent thyroid func- 
tion after complete or nearly complete hypoph- 
ysectomy, indicating that under unusual cir- 
cumstances the thyroid may function in the 
presumed absence of thyrotropic hormone [8]. 
Thus, the measurements of thyroid function are 
a useful but not infallible guide to the complete- 
ness of hypophysectomy. Assessment of adrenal 
function has not been done routinely. Main- 
tenance cortisone therapy has been withdrawn 
in some of these patients and, in all instances, 
signs and symptoms of adrenal insufficiency 
developed within a few days to a few weeks, 
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No. of Patients 


Site of Remissions 


Metastases Remissions | Failures Failures 


(140 (150 
Patients) | Patients) 


Bone.. 
Bone plus other 


Lymph node 

Peritoneum 
Pericardium 
Brachial plexus. . | 
Cranial nerve... . 


and the excretion of urinary 17-hydroxy- 
corticosteroids fell to very low levels. In 
premenopausal patients, the menses ceased 
promptly and urinary estrogen excretion fell to 
very low levels or was unmeasurable. 
Autopsies have been performed in about half 
the patients. Gross examination of the sella 
turcica and microscopic examination of its 
contents have failed to reveal any anterior 
pituitary tissue. In thirty-five patients the sella 
turcica has been removed in toto, decalcified and 
serial sections have been made. In twenty-one of 
these patients no residual anterior pituitary tis- 
sue was found. In ten patients small, micro- 
scopic foci of anterior pituitary cells were 
found; in eight patients the residual was 
estimated to be less than 1 per cent of the 
volume of the anterior pituitary, and in two pa- 
tients less than 2 per cent. In four patients there 
was a gross residual of anterior pituitary tissue. 
In three of these patients the residual was 
estimated at 5 to 10 per cent of the volume of 
the anterior pituitary. In two patients this tis- 
sue was present as a single nodule just under 
the anterior clinoid. In one patient the residual 
anterior pituitary tissue was estimated to 
represent almost the entire gland. Interestingly 
enough, this patient obtained objective im- 
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provement for seven months after operation. 
[he serum protein-bound iodine was less than 
2 wg. per cent six weeks after surgery, and she 
vas given thyroid. Urinary gonadotrophins 
were unmeasurable before operation and were 
1ot measured after surgery. Unfortunately, 
unction tests were not repeated when the 
netastatic disease reactivated. It seems possi- 
ole that the duration of the response in this pa- 
ient may have been shortened because of the 
nadequate removal of the pituitary. 

If this experience with serial sections of the 
sella turcica can be taken as representative of 
the whole series, it would appear that complete 
removal of the pituitary tissue from the sella 
turcica was accomplished in about two-thirds of 
the patients. In the majority of the others, 
small microscopic foci of anterior pituitary tis- 
sue remained. It is difficult to assess the func- 
tional significance of these tiny remnants. 

Prophylactic Hypophysectomy. Hypophysec- 
tomy has been performed shortly after radical 
mastectomy in nine patients who were found to 
have numerous axillary metastases at the time 
of mastectomy. These patients have also 
received radiation therapy to the lymph node 
areas after surgery. Only patients with exten- 
sive axillary metastases have been accepted for 
this study, those in whom there is virtually no 
hope of cure from mastectomy and radiation 
therapy, and the vast majority of whom die of 
the disease within five years. These nine pa- 
tients have now survived from two to thirty- 
two months since operation, with an average of 
twelve months. Eight patients have no evi- 
dence of disease. In one patient, who has now 
survived thirty-two months, evidence of metas- 
tases to the bone and liver has developed and 
the patient is receiving local x-ray therapy to 
the liver. 

No evaluation of these results can be made at 
resent. Eventual assessment of results will 
depend upon survival data in a larger series of 
oatients compared with the survival of similar 
oatients who undergo therapy after metastases 

ave appeared. 


COMMENTS 


The results of hypophysectomy, as reported 
n this study, indicate that it is a practical, 
‘orthwhile therapeutic procedure to be recom- 
ended in the management of patients with 
1etastatic mammary carcinoma. Others [9-11] 
ave had a similar experience. 


From our experience with this group of pa- 
tients, certain factors which influence the 
response to hypophysectomy have become 
apparent. The most reliable index for predicting 
a favorable response to hypophysectomy is a 
previous favorable response to oophorectomy 
in the premenopausal patient. In this setting, 
approximately go per cent of the patients will 
obtain objective improvement from hypophy- 
sectomy. Other factors which influence the 
incidence of response have been discussed, such 
as the age of the patient, the duration of the 
cancer, the location of the metastases and the 
response to hormone therapy, but these 
features are not particularly helpful in deciding 
on therapy for the individual patient. It is also 
apparent that this procedure should not be used 
as a last resort in the terminal patient. In this 
setting it is unlikely to be of value. It should be 
employed when there is evidence of active 
metastatic disease which requires systemic 
therapy, and preferably before serious signs 
and symptoms develop in the patient. In our 
opinion, hypophysectomy is the initial treat- 
ment of choice in the postmenopausal patient, 
when it is feasible. In the premenopausal pa- 
tient, oophorectomy is probably the initial 
treatment of choice. In those patients who ob- 
tain a favorable response from castration, 
hypophysectomy would be the next treatment 
of choice when the disease has reactivated. 

A detailed comparison of the results of ad- 
renalectomy and hypophysectomy in patients 
with cancer of the breast has been presented 
[12]. The results, although not unequivocal, 
favor the employment of hypophysectomy, 
when feasible. 

The possible mechanism by which hypophy- 
sectomy induces remissions in patients with 
cancer of the breast has also been presented 
elsewhere [1]. The possibility that the entire 
effect is due to suppression of estrogen produc- 
tion by the gonads and adrenal glands seems 
unlikely, since the administration of estrogens 
after hypophysectomy has failed to induce 
reactivation of the metastatic disease. This 
observation suggests that some factor from, or 
mediated by, the pituitary is necessary to 
permit estrogen stimulation of tumor growth. 
The nature of this supposed factor is still 
obscure. 

The use of endocrine therapy in patients with 
metastatic cancer of the breast seems to offer 
purely palliative therapy in about half the pa- 
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tients. A few patients, however, are enjoying 
prolonged remissions (three to five years) after 
hypophysectomy, suggesting that their tumors 
have a marked dependency upon the endocrine 
environment for their growth. The possibility 
that optimum endocrine therapy performed at 
an earlier phase of the disease might have 
longer-lasting results seems intriguing and 
worthy of further exploration. Hormone ther- 
apy after hypophysectomy has been un- 
rewarding. The use of androgens and estrogens 
has been without effect in our experience. 
Cortisone or its analogues in high dosage has 
occasionally yielded some ameliorating effects, 
but no worthwhile remissions have been 
obtained. Local x-ray therapy, when applica- 
ble, has yielded the best palliative effects after 
hypophysectomy. The use of chemotherapy 
with the agents presently available has also 
been of little benefit. 


SUMMARY 


The results of hypophysectomy in 343 pa- 
tients with metastatic cancer of the breast are 
presented. These results indicate that hypophy- 
sectomy is a practical, worthwhile therapeutic 
procedure to be recommended in the manage- 
ment of these patients. 

Certain factors which influence the response 
to hypophysectomy are discussed. The most 
reliable index for predicting a favorable re- 
sponse to hypophysectomy is a previous favor- 
able response to oophorectomy in the pre- 
menopausal patient. Other factors, such as the 
response to hormone therapy, the duration of 
the cancer, the age of the patient, and the loca- 
tion and extent of metastases have some influ- 
ence on the incidence of remissions, but are not 
particularly helpful in deciding on therapy for 
the individual patient. 

Hypophysectomy is recommended as the 
initial systemic treatment of choice in post- 
menopausal patients and in those who have 
had a previous favorable response from oopho- 
rectomy, when adequate facilities are available 
to perform this procedure. 
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Oophorectomy and Adrenalectomy in 
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pes relationship between the ovaries and 
the growth and development of breast tis- 
sue has long been known. The idea of modify- 
the course of cancer of the breast by 
oophorectomy originated seventy years ago 
when Schinzinger [20] proposed this method of 
therapy, basing his recommendation on ob- 
servations of atrophy of the breasts following 
loss of ovarian function. After a few years of 
trial at the turn of the century, oophorectomy 
was largely discarded in favor of x-ray treat- 
ment of the ovaries which quickly stops the 
menses and at least temporarily decreases 
estrogen production. 

In the past ten years many surgeons have 
become convinced that oophorectomy has a 
position of high priority in the treatment of 
premenopausal women with recurrent or in- 
operable cancer of the breast. In addition, 
prophylactic oophorectomy deserves serious 
consideration in all or most premenopausal 
women with primary operable cancer of the 
breast. 


THERAPEUTIC OOPHORECTOMY 


The first report of significant palliation of pa- 
ents with inoperable mammary cancer by 
irgical removal of the ovaries came from 
ngland in 1896, when Beatson [2] reported on 
vO patients with major temporary regression 
their disease. By 1905 Lett [12] had collected 
nnty-nine patients so treated, of whom 
enty-three showed marked improvement, 
lf of them for a year or more, and another 
irteen had received some benefit. The over-all 
"sponse rate of the group, which included some 
postmenopausal patients, was 36.4 per cent. 
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Four patients had long survivals, up to four 
and a half years. 

Treves and Finkbeiner [22] of Memorial 
Center reviewed the literature on therapeutic 
oophorectomy in detail. They pointed out the 
scarcity of reports and the small number of cases 
in reported series from Lett’s analysis [12] in 1905 
until the late 1940’s, and noted the relatively 
pessimistic outlook of the scattered reports. 
For example, in Adair’s report on the results 
from Memorial Center in 1949 [1], there was a 
12.9 per cent response in thirty-one cases of 
surgical oophorectomy and a 15.4 per cent 
response in 304 patients submitted to castra- 
tion by x-ray therapy. These results were not 
quite as good as their concurrent studies of the 
objective effects of androgen therapy, and it is 
little wonder that not much enthusiasm 
existed for therapeutic oophorectomy although 
sporadic operations were performed. 

A sharp revival of interest in oophorectomy 
began nearly ten years ago when Huggins and 
Bergenstal [8], our group at Memorial [6,17] 
and others began to perform bilateral adrenal- 
ectomy on patients with advanced cancer of the 
breast. Since the objective of adrenalectomy is 
to remove a second potential source of estrogen 
from the body, patients were selected who had 
had previous oophorectomy or, in actively men- 
struating women, oophorectomy was performed 
as an initial step. Treves and Finkbeiner [22] 
have recently reported the results of therapeu- 
tic oophorectomy in 191 cases of recurrent or 
primarily inoperable cancer of the breast. The 
results, summarized in Table 1, are based on 
objective remissions which are defined as: (1) 
no previous therapy for at least eight weeks, 
(2) obvious progression of disease immediately 
before oophorectomy, and (3) measurable evi- 
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TABLE 
OBJECTIVE RESPONSE TO OOPHORECTOMY 
No. of | No. of Mean Duration | Median Dura- 
Menstrual Status and Average Age Cases | Responses Per cent (mo.) tion (ano. 
(49) 21 10 47 10+ 74 
Previous hysterectomy (46)................- 8 I 
(Subjective response 45%) 


* From: Treves, N. and FINKBEINER, J. A. [22]. 


dence, by palpation or x-ray examination, or 
regression of major lesions of the soft parts or 
bone with no progression of lesion or the 
appearance of new lesions. Remission was 
considered terminated when lesion increased in 
size, new lesions appeared or the patient was 
placed on any other therapy that might affect 
the result. Premenopausal patients are those 
patients who have had irregular periods 
or mild menopausal symptoms preceding 
oophorectomy. 

It will be noted that the results in terms of 
objective remissions are strikingly similar to the 
results reported by Lett [12], and are more than 
double the response rate reported in various 
small series subsequently. Perhaps most im- 
portant is the fact that in 143 actively men- 
struating and premenopausal women the 
objective response to oophorectomy was 44 per 
cent, and the average remission lasted slightly 
over a year, while ten of sixty-three patients 
had remissions of two years’ duration or more. 

Selection of patients for oophorectomy from 
among those who are premenopausal has proved 
most difficult. The histology of the tumor ap- 
pears to make little difference, and vaginal 
smears for cell cornification studies, while 
provocative, have so far failed to give a clear- 
cut separation of responders and _ non-re- 
sponders. Treves and Finkbeiner |22] noted in 
the series from Memorial Center that a higher 
remission rate was found in those patients who 
had undergone mastectomy two or more years 
prior to oophorectomy for recurrence than in 
those whose recurrence appeared in less than 
two years. Statistical analysis of their data also 
indicated that survival was significantly longer 
in those who responded than in those who did 
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not. There was no definite correlation between 
response to androgen and response to oophorec- 
tomy, so this therapy probably cannot be used 
to predict the response to oophorectomy. 

The operative mortality in 191 cases was five 
patients (2.6 per cent), all of whom had far 
advanced disease. The deaths were due either 
to pulmonary metastases or hypercalcemia. 

Oophorectomy would seem clearly to be the 
procedure of choice in treating women who are 
actively menstruating or are in early meno- 
pause and who have primary inoperable or 
recurrent cancer of the breast. About 45 per 
cent of these patients can be expected to have 
objective remission averaging more than four- 
teen months in duration. Patients should be 
treated before the disease becomes far ad- 
vanced. While patients with metastases to the 
soft parts or bone, who have had radical 
mastectomy two or more years prior to recur- 
rence, have the highest incidence of response, 
selection -of those who will respond is not 
practical. Low operative mortality and mimina! 
morbidity make this procedure one to be 
considered for any premenopausal woman who 
does not have major medical or psychiatric 
contraindications to surgery. 


PROPHYLACTIC OOPHORECTOMY 


If oophorectomy is a useful therapeutic too! 
in the treatment of inoperable cancer of the 
breast, thought must be given to the possible 
effect of prophylactic oophorectomy at the time 
of or shortly after radical mastectomy as a 
method of markedly reducing estrogen produc- 
tion, and thus of reducing stimulation to growth 
of estrogen-dependent cancer of the breast if 
disease is still present in the patient’s body. 


Since slightly more than half of the operable pa- 
tients with cancer of the breast are alive after 
five years and about one-third of all patients at 
ten years, as is the case rather uniformly when 
highly rigid criteria for the selection of operable 
cases are not used, it would seem worthwhile to 
modify the growth potential of remaining dis- 
ease present in two-thirds of all patients sub- 
mitted to radical mastectomy. 

Horsley and Gianoulis [7] have reported a 
significantly large series, begun in 1937, of 
prophylactic oophorectomy with radical mas- 
tectomy. They showed that there was a 9 to 
12 per cent increase in the five-year survival in 
the oophorectomy group, both in patients with 
axillary metastases and those without. Treves 
[21], and Rosenberg and Uhlmann [18] have 
reported large enough series to make careful 
consideration of prophylactic oophorectomy 
essential. Both reports suffer from the defect of 
retrospective analysis but, in general, patients 
with poorer clinical settings were selected for 
oophorectomy, or x-ray defunctionalization of 
the ovaries, and in both series the patients 
subjected to prophylactic oophorectomy lived 
longer. 

Rosenberg and Uhimann reported on 200 pa- 
tients under the age of fifty, all of whom under- 
went radical mastectomy for cancer of the 
breast five or more years previously. Without 
indicated selection, seventy-eight women had 
either surgical or x-ray castration within a short 
time of mastectomy, while 122 women did not 
have this treatment. Fifty-nine per cent of the 
castrated group survived five years, as did 36 
per cent of the noen-castrated group. Also, of 
sixty-six women who died within five years, the 
patients in the castrated group lived longer. 

Treves reviewed the literature in this field 
and also evaluated 152 patients from Memoria! 
Center who were treated prophylactically at the 
time of radical mastectomy either by ovarian 
radiation or surgical oophorectomy. Unfor- 
tunately, this oophorectomy group is small in 
number beyond a three-year follow-up period, 
but the data are very suggestive of considerable 
improvement in survival, particularly since 
most of them were selected for oophorectomy 
because of clinically advanced disease. Twenty- 
seven of thirty-four patients survived five years, 
and fourteen of twenty-four survived ten years. 

The value of prophylactic radiation of the 
ovaries in a large and randomized series of pa- 
tients subjected to radical mastectomy for 
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cancer of the breast has recently been re- 
ported from Manchester by Paterson and 
Russell [73]. Most patients received 450 r to 
each ovary through paired opposing fields in a 
single treatment; a few obese patients received 
1,000 r in four days. Over-all results at three, 
five and seven years show an apparent ad- 
vantage in survival of the radiated group, which 
is just short of the 5 per cent statistical level of 
confidence. It would seem probable that surgical 
oophorectomy is likely to prove even more 
effective because of the prompt and total dis- 
appearance of ovarian estrogen. 

There is urgent need for randomized surgical 
series of premenopausal patients in which half 
are subjected to oophorectomy at the time of 
mastectomy. Until this is available, oophorec- 
tomy performed shortly after radical mastec- 
tomy in normally menstruating and pre- 
menopausal women, at least in those showing 
axillary metastases, seems justified as probably 
likely to prolong the life span and postpone 
recurrence. 


ORCHIECTOMY IN CANCER OF THE BREAST 
IN MALES 


Although cancer of the breast in males is a 
relatively rare disease, it is often first seen in 
advanced stages. The response rate of inopera- 
ble or recurrent cancer of the breast in males to 
bilateral orchiectomy in a limited series at 
Memorial Center has been quite satisfactory. 
Treves [23] has reported a group of forty-two 
males treated by bilateral orchiectomy. The 
average age of this group was 64.1 years. There 
was one surgical death. Table 1 shows the 
responses seen in this group. 

It is apparent that bilateral orchiectomy is a 
useful method of palliating inoperable cancer of 
the breast in males. Convincing the patient of 
the benefits that are probably to be gained by 
this procedure is, however, quite often difficult 


TABLE 11* 
RESPONSE TO ORCHIECTOMY 
No. of Aver- Objective Res nse Subjective 
Cases J Response 
42 | 64.1 28 (67%) 31 (74%) 
(average, 29.6 mo.) | (average, 26 mo.) 


* From: Treves, N. [23]. 
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TABLE 


SUMMARY OF RESPONSE TO ADRENALECTOMY, OR ADRENALECTOMY COMBINED 


WITH OOPHORECTOMY FOR INC 


URABLE MAMMARY CANCER 


Total 
Series 


Operative | Objective | No Response 


Evaluated Mortalityt | Response (Failure) 


Dao and Huggins 
Fracchia (Memorial Center) 


Hellstrom and Fanksson 


Douglas 
Block et al 


SC OL w 


Percentage 


* Modified from Fraccuia, A. A. et al. [5]. 


Tt Includes deaths within thirty days of surgery, whether from surgery or cancer. 
t¢ Sixty-six remissions at three months, but fifty-four (34.8 per cent) at six months, considered as best time for 


evaluation. 


until the disease is far advanced and highly 
symptomatic. 


ADRENALECTOMY AND COMBINED 
OOPHORECTOMY AND ADRENALECTOMY 


The brilliant contributions of Huggins to the 
field of endocrine surgery include the first bi- 
lateral adrenalectomy reported for the treat- 
ment of recurrent cancer of the breast. In 1951 
Huggins and Bergenstal [9] described the 
course of seven patients with recurrent mam- 
mary cancer, seven patients with prostatic 
cancer and four patients with miscellaneous 
types of malignancy on whom bilateral adrenal- 
ectomy had been performed. Three of the pa- 
tients with cancer of the breast dramatically 
and objectively improved, another slightly so. 

The background for this achievement, which 
our group and others rapidly confirmed with 
concurrent series [17], lay in observations that 
adrenal cortical tumors in man were sometimes 
virilizing or feminizing, and in the work of 
Wooley [25] who had noticed the appearance of 
irregular estrus cycles in mice spayed at birth, 
and subsequently the appearance of adrenal 
adenomas and carcinomas, some of which 
produced either androgen or estrogen. In some 
of the mice in Wooley’s experiments, carci- 


noma of the breast developed, as it did in the 
unaltered controls. 
Huggins and Scott [ro], in 1945, had found 


that the level of 17-ketosteroids in the urine of 
castrate males in remission with prostate cancer 
rose as the disease became active again, and 
postulated that adrenal androgen was stimulat- 
ing the cancer. Accordingly, they performed bi- 
lateral adrenalectomy on four such patients, 
showed a drop in 17-ketosteroid excretion post- 
operatively (establishing the adrenal origin of 
these substances in man), and also confirmed 
that man requires cortisone for prolonged 
survival after adrenalectomy. 

With the availability of cortisone early in 
1951, several groups began studying the effect 
of bilateral adrenalectomy on patients with 
recurrent and inoperable cancer of the breast. 
Our experience with 155 patients [5] is repre- 
sentative of the reports from the literature, 
summarized in Table 11. 

The Memorial Center series consists of pa- 
tients ranging in age from twenty-four to sixty- 
nine years, with a median age of forty-eight 
years. Sixteen patients were premenopausal, the 
remaining 139, postmenopausal. Forty-seven 
patients had had a natural menopause, bilateral 
oophorectomy had been performed previously 
in sixty-four, and in twenty-seven cessation of 
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79 75 I 29 36 

75 75 39 28 

ees 45 41 20 18 

32 19 8 

30 28 9 13 

940 | 851 70 370 4ll 
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menses had been induced by x-ray therapy. 
One patient had undergone previous hypophy- 
sectomy. Simultaneous oophorectomy and 
adrenalectomy were performed on the sixteen 
menstruating and the forty-seven naturally 
meonpausal patients, and on most of the pa- 
tients previously x-ray—deactivated. In all, 
eighty-two patients had simultaneous pro- 
cedures and seventy-three had adrenalectomy 
alone. 

The series incorporates limited selection, in 
that patients with diffuse metastatic disease in 
the pulmonary lymphatics were usually ex- 
cluded, as were patients with sufficient hepatic 
impairment to produce jaundice, marked ab- 
normality of liver function tests or ascites. 
Also, patients with intracranial metastases 
sufficient to produce motor or sensory impair- 
ment were usually excluded. The excluded pa- 
tients were relatively few; many were treated in 
spite of advanced disease that made them poor 
operative risks. Blood volume determinations 
were routinely performed, and the patients 
transfused to normal levels preoperatively. 
Hypercalcemia usually yielded temporarily to 
the administration of cortisone and infusions of 
3 or more L. a day of 5 per cent dextrose in 
water. Pathologic fractures were not considered 
a contraindication, although their presence 
made both operative and postoperative care 
more difficult. Neither the patient’s age nor the 
histologic type of the carcinoma were used in 
selection of cases, and neither appears to have 
affected the results obtained significantly. 

Hormone assays for the determination of 
estrogen levels were not used, although West, 
Damast and Pearson [24] studied some of these 
cases pre- and postoperatively for urinary 
estrogens, finding significant amounts of urinary 
estrogens in castrate women, with an increase 
in amount on administration of ACTH. With 
one exception, none of the castrate patients 
showed detectable amounts of urinary estrogens 
after adrenalectomy. More recently, Block 
et al. [3a] have shown a high percentage of 
remissions (+ 75 per cent of fifteen cases) when 
total twenty-four—-hour urine estrogens exceed 
1.5 wg., and no remissions in eleven patients 
with excretions below this level. If this observa- 
tion is substantiated in a larger series of pa- 
tients, this test may be most important in 
selecting cases for adrenalectomy. 

In our series, increasing use was made of 
vaginal smears studied with differential cell 


counts by a method developed by Finkbeiner 
[4]. The smears appear particularly useful in 
castrate and naturally postmenopausal women 
in whom, when considerable evidence of 
estrogenic effect is present, the remission rate 
tends to be longer. However, correlation is not 
good enough either at low or high levels to make 
this test a true determinant in selection. 

Objective remission following oophorectomy 
and response to prior administration of andro- 
gen appeared to be helpful although not infalli- 
ble criteria of response to adrenalectomy. 
Recently it appears that a favorable response to 
so-called “‘medical adrenalectomy” induced by 
prednisone or prednisolone may presage a 
favorable response rate to adrenalectomy, but 
here also the correlation is not perfect, and 
remissions after adrenalectomy have been 
observed after failure of the patient to respond 
to administration of steroids. 

With the assumption, confirmed as the series 
progressed, that no method of predicting 
response was completely valid, the results 
obtained were analyzed by rigid criteria of 
objective response and of duration of remission. 
Patients with unequivocal evidence of advance 
of their disease preoperatively, who had 
measurable clinical or radiographic evidence of 
regression of all lesions without the appearance 
of new lesions, were considered in objective 
remission. Recalcification of osteolytic bone 
lesions and the disappearance of pleural 
effusions without other treatment prior to 
adrenalectomy were also considered evidence of 
remission if no new lesions appeared; total 
arrest of all known lesions without the ap- 
pearance of any new lesions also was included. 
A period of six months of objective remission 
was selected as minimal to be worthwhile, 
although three-month remissions are recorded 
to compare with most other series. 

The results of seventy-three patients sub- 
jected to adrenalectomy and eighty-two pa- 
tients subjected to oophorectomy and adrenal- 
ectomy are shown in Table tv. 

The median duration of survival for the 
entire group of 155 was twelve months, the 
mean 12.3 months. The survival median for 
failures was six months, with a mean of 8.3 
months, while for those who had remissions 
the median survival was twenty-one months, 
with a mean of more than 22.3 months. The 
longest objective remission now exceeds five 
years. Of interest is the fact that patients with 
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TABLE iv* 
RESULTS OF OPERATION: 155 PATIENTS 
(MEMORIAL SERIES) 


Operative 
Mortality 
(30 days) 


No. of 


Patients 


Type of 
Operation 


Objective No 
Responset| Response 


Adrenalectomy. . 
Adrenalectomy 
and oophorec- 


6 (8.2%) |20 (27.4 %)|47 (64.3 %) 


8 (9.8 %) |34 (41.5 %)|40 (48.7%) 


Total series. 14 (9.0%) |54 (34.8 %)|87 (56.1 %) 


* From: Fraccuia, A. A. et al. [s]. 
+ At six months (see text). 


local recurrence or metastases to bone and 
those with inflammatory carcinoma had the 
best remission rates. Menopausal patients who 
had combined oophorectomy and adrenalec- 
tomy had a higher response rate than patients 
in whom oophorectomy had preceded adrenal- 
ectomy by a significant period. The duration 
of remission varied with the sites of metastases, 
being shorter in those with visceral disease or 
hypercalcemia and longest in those with 
metastases to the soft parts or bone and with 
inflammatory carcinoma. 

Adrenalectomy may be performed either by 
the transabdominal route as described by 
Ellison and Hamwi [36] or through bilateral 
flank incisions through the bed of the twelfth 
rib. Since we know that we intend to remove 
both adrenal glands completely, and since en- 
largement of the liver or visceroptosis makes 
transabdominal dissection of the right adrenal 
very difficult, we prefer bilateral flank incisions, 
turning the patient for the second side, or 
operating with the patient in the prone position 
if extensive vertebral metastases are a hazard. 
Usually the right adrenal is removed first, as 
this is the more difficult and hazardous dissec- 
tion due to the very short and wide vein drain- 
ing the right adrenal into the inferior vena cava. 
Care must be used to avoid the pleura poste- 
riorly, particularly on the left side. The right 
lobe of the liver is easily inspected, if desired, 
by opening the peritoneum laterally through 
the right flank incision. A large Penrose drain is 
used in each incision and is usually removed on 
the fourth postoperative day. 

Anesthesia must be intratracheal with a 
cuffed tube. The pleura may be entered in- 
advertently on either side, and reinflation of 
the lung is necessary at the conclusion of repair 
of such openings. It is wise to check each pa- 


tient postoperatively for pneumothorax with 
an immediate x-ray film of the chest, and 
occasionally an intercostal catheter with water- 
seal trap is necessary for a day or so to reinflate 
a lung fully. We have had one case of tension 
pneumothorax presenting an acute emergency 
until decompression was effected. 

Wound healing appears to progress un- 
eventfully despite the high dosages of cortisone 
used. Hemostasis must be meticulous, as 
considerable blood can be lost into loose 
retroperitoneal tissues without much external 
drainage. 

The routine of pre- and postoperative medica- 
tion has been described in detail [6]. Essentially 
it consists of building up a depot of cortisone 
acetate by administering 300 mg. in six 50 
mg. intramuscular doses the day prior to 
operation, using 100 to 200 mg. of compound F 
(hydrocortisone) intravenously during and 
immediately after surgery; then continuing the 
administration of cortisone intramuscularly at 
the rate of 300 mg. per day in divided doses, 
gradually reducing the dose. Usually by the 
fourth or fifth postoperative day the patient 
can take the cortisone orally which is the usual 
route of administration except when gastro- 
intestinal tract dysfunction necessitates the 
parenteral route. Drug maintenance in most 
patients is achieved with 50 to 75 mg. of 
cortisone orally in two or three divided doses. 
Salt is not administered postoperatively unless 
abnormal sodium losses occur, but most pa- 
tients on maintenance doses of cortisone require 
2 to 4 gm. of added sodium chloride per day 
since, unlike patients with hypophysectomy, 
they have lost aldosterone control of sodium 
reabsorption. 

Adrenalectomy, or adrenalectomy combined 
with oophorectomy in the menopausal or post- 
menopausal patient appears to offer about a 
40 per cent chance of objective remission which, 
if achieved, will be of about one year’s duration 
on the average. The operative risk of adrenal- 
ectomy appears to be about 8 per cent, although 
it is certainly lower in less advanced cases. 
There is no infallible method of predicting 
response to adrenalectomy, although prior 
response to oophorectomy and to administra- 
tion of androgen, and the presence of cornified 
vaginal cells or a high level of urinary estrogen 
excretion all enhance the probability of 
response. Patients with metastases to bone or 
the soft parts, and those whose total experience 
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TABLE Vv 
GROUP I: ACTIVELY MENSTRUATING OR EARLY MENOPAUSAL 


Surgical Oophorectomy* 


Response, 45 % 


Failure, 55% 


On relapse 


First choice | Second choice 


| 
Androgens 


Adrenalectomy 
or 

hypophysectomy Adrenalectomy 
or 

Adrenal steroids hypophysectomy 

if surgery is 

refused Adrenal steroids 


if surgery refused 


| 
Androgens 
Response | 


| 
On relapse Adrenalectomy 
stop androgen or 
hypophysectomy 
Adrenalectomy (low response rate) 
or or 
hypophysectomy adrenal steroids 


Failure 


Adrenal steroids 
if surgery refused 


* X-ray therapy is used only if there are major medical contraindications to surgery or the patient refuses surgery. 


with cancer spans three years or more, appear 
more likely to have an objective response. 

Since adrenalectomy, or oophorectomy and 
adrenalectomy are but palliative procedures, 
and since the risk is moderate and intelligent 
management is necessary for their remaining 
life time, patients must be selected for the 
procedure with these facts in mind. 


A SEQUENTIAL PROGRAM OF MANAGEMENT 
FOR INOPERABLE OR RECURRENT 
CANCER OF THE BREAST 


The preceding material represents opinion 
gained from our group experience at Me- 
morial Center, together with reports from the 
literature. 

From this material may be developed plans 
of management of patients with recurrent or 
primary inoperable cancer of the breast. The 
following represents my concept of the best 
management of patients with recurrent or 
primarily inoperable cancer of the breast in the 
light of present information. 

Patients with inoperable or recurrent cancer 
of the breast may be divided into three general 
groups with respect to endocrine status at the 
time treatment is considered: (1) normal 
menstrual cycle, or premenopausal with ir- 
regular periods or minimal symptoms; (2) 
n enopausal to ten years’ postmenopausal, the 
primary lesion may have arisen either before or 
a'ter the menopause; (3) late postmenopausal, 
.sually the primary lesion has arisen in the 

)stmenopausal period. (Tables v, vi and vu.) 

Additional information with respect to these 


classifications may be obtained from the 
analysis of vaginal smears [4], since some pa- 
tients with normal menstrual cycles present a 
menopausal pattern and others, many years 
after the menopause, may still show considera- 
ble estrogen activity. The vaginal smears are, 
of course, particularly helpful if the patient has 
undergone hysterectomy. 

Adrenalectomy and hypophysectomy are 
listed as equal choices in Table v, since it ap- 
pears that essentially the same mechanisms are 
involved. Pearson and Ray, in their article 
[16], report 33 per cent remissions of six months 
or more with hypophysectomy compared to 
34.8 per cent in our somewhat smaller adre- 
nalectomy series, and a mean survival of 
more than 25.8 months in the remission group 
and 5.6 months in the failure group compared 
to more than 22.3 months and 8.3 months for 
the adrenalectomy group. Comparison of 
length of survival in remission suggests some 
advantage for hypophysectomy, but the stage 
of disease at the time the procedure was per- 
formed must be compared to make any differ- 
ence valid. In any event, with equal skills and 
facilities available, very comparable results are 
achieved. 

The objective response rate of patients with 
inoperable or recurrent cancer of the breast is 
about 20 per cent [z]. In a recent symposium 
[79] on cancer of the breast, most discussants 
appeared to agree that ovarian function should 
be eliminated prior to trials of androgens, and 
they advocated a trial of androgens prior to 
ablative therapy. At best, the response rate 
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TABLE VI 


GROUP 2: MENOPAUSAL PATIENTS 


AND THOSE UP TO TEN 


YEARS POSTMENOPAUSAL 


Medical 


Surgical 


| 
Androgens 


20% + 
Respond 


80% 
Fail 


On relapse Adrenal steroids* 


adrenal steroids* 


Oophorectomy and adrenalectomy 
or 
hypophysectomy 


45+% 
Respond 


Fail 


Adrenalectomy 
and/or 
hypophysectomy 


Adrenalectomy 
and/or 
hypophysectomy 


On relapse 


A few responses to 
administration of androgen 


A few responses to 
administration of androgen 


* Oophorectomy or x-ray treatment of ovaries necessary. 
y 


would appear to be less than can be achieved by 
either oophorectomy and adrenalectomy or 
hypophysectomy in this particularly favorable 
group. Whether oophorectomy followed by the 
administration of synthetic steroids, as ad- 
vocated by Lemon [11], will achieve as many 
and satisfactory remissions as surgical ablative 
procedures awaits further trials. His pre- 
liminary report of fifteen objective remissions 
in thirty-one trials is encouraging. We have one 
patient still in remission after thirty-four 
months on this type of therapy, and a group of 
patients are being studied at the present time, 
but too few cases have as yet been reported to 
draw conclusions. 

It is probable that the vaginal smear will 
prove useful in ascertaining that a woman is 
truly in the late stages of the postmenopausal 
state. The smear should be atrophic with no 
evidence of estrogen activity. Estrogen urinary 
assays [3] may be even more useful in evaluating 
the status of patients in groups 2 and 3 for 
surgical procedures. In patients who have fad 
an objective response to estrogens, it is not 


TABLE VII 
GROUP 3: LATE POSTMENOPAUSAL 


Estrogens 
Response, 40% Fail, 45% 


On relapse 
stop estrogen 


Exacerbate, 15% ? 
| 
Androgens 
or 
adrenal steroids 


Androgen 


Androgen 
or 
ablative surgery 


Consider 
adrenalectomy 


or hypophysec- 
tomy 
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unusual to observe a second response on stop- 
ping administration of the drug; whether such 
patients would then respond to ablative surgery 
is not known. 

Although regional x-ray therapy has not been 
mentioned specifically in this discussion, its 
great value in treating symptomatic local 
lesions, particularly of the soft parts and bone, 
is well proved and should be utilized. The 
objective of the surgeon, when dealing with 
patients who are considered to have incurable 
disease by present day knowledge, is to provide 
the patient with as long a comfortable life as 
possible. Ablative endocrine surgery, hormone 
therapy and x-ray therapy should be integrated 
to the best advantage of the patient in achiev- 
ing this objective. 


SUMMARY 


1. Oophorectomy would appear to be the 
procedure of choice in treating recurrent or 
inoperable cancer of the breast in women who 
are actively menstruating. About 45 per cent of 
such patients will have an objective remission 
averaging slightly more than one year. 

2. Oophorectomy should be seriously con- 
sidered prophylactically at the time or shortly 
after radical mastectomy for all premenopausal 
women, and is recommended if axillary nodes 
are found involved with disease. 

3. Orchiectomy is an excellent method of 
palliation for inoperable cancer of the breast in 
males. 

4. Bilateral adrenalectomy, or adrenalec- 
tomy combined with oophorectomy produces 
objective remissions in about 40 per cent of 
menopausal and postmenopausal patients with 
recurrent cancer of the breast. About one-third 
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ff all women so treated will have remissions of 
nore than six months’ duration. Hypophy- 
sctomy yields similar results. 

5. A system of progressive management of 
he endocrine status of women with inoperable 
ancer of the breast is presented. 
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HE course of reactivated prostatic cancer 

can in some instances be favorably in- 
fluenced by the change in hormonal environ- 
ment occasioned by total adrenal extirpation 
[1-3]. Interest in this form of treatment has 
been evident since the early days of adreno- 
cortical substitution therapy [4]. A preliminary 
report has been published by one of us [5] in 
which seven patients with reactivated carci- 
noma of the prostate, on whom total adrenalec- 
tomy was performed, were studied and their 
early clinical course described. The present 
paper deals with the further course of these 
patients and with six others, all of whom have 
now died of the disease. This survey analyzes 
the results at the Peter Bent Brigham Hospital 
over a five-year period, as it was believed that 
an evaluation of the procedure in thirteen well 
studied cases was indicated. Critical appraisal 
of the clinical, chemical and pathologic data 
before and after adrenalectomy, the complica- 
tions of the disease and its long term manage- 
ment are presented. 


HISTORY 


The fact that alterations in hormonal 
environment could influence neoplastic states 
of the prostate is not new and in the past decade 
total adrenalectomy and adrenocortical inhibi- 
tion have been studied fairly extensively. 

The credit for renewed interest and its 
application today must go to Huggins and 
Hodges [6] who in their classic paper in 1941 
studied the serum phosphatase levels and 
showed that in prostatic cancer with marked 
elevation of the acid phosphatase of the serum, 
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castration or injection of large amounts of 
estrogen caused a sharp reduction of the 
enzyme to the normal or near normal range; in 
three patients with prostatic cancer, injection 
of androgens caused a sharp rise of serum acid 
phosphatase. These important observations 
allowed great palliative therapy of prostatic 
cancer. However, Scott and Vermeulen in 1942 
[7] showed that the immediate fall of 17-keto- 
steroids after orchiectomy was not maintained, 
and suggested that reactivation of cancer of the 
prostate may be related to adrenocortical 
activity. Huggins in 1945 performed the first 
complete adrenalectomy in man on the theory 
that adrenal androgens stimulated by the 
pituitary were responsible for the secondary 
ketosteroid elevation. This was prior to 
cortisone therapy and his four patients sur- 
vived one and a half, one and a half, eleven and 
116 days, respectively, during which time a 
further fall in 17-ketosteroid excretion was 
noted. In 1947 Cox [2] in England also per- 
formed adrenalectomy for prostatic cancer and 
demonstrated some recovery of paraplegia in 
association with a fall in the 17-ketosteroids, 
but in these precortisone days survival was 
brief. With the advent of suitable substitution 
therapy, total adrenalectomy could success- 
fully be undertaken and reports by other 
workers have followed [5,8-12] which in- 
dicate hormonal changes of some therapeutic 
significance. 


SELECTION OF PATIENTS 


A conservative attitude has been adopted in 
selecting patients for total adrenalectomy in the 
present series. It has been believed that a pro- 
cedure which is technically not difficult in ex- 
perienced hands but produces physiologic 
change of great magnitude should not be under- 
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caken lightheartedly. Only those patients with 
idvanced cancer of the prostate have been 
‘onsidered in whom a _ hormonal-dependent 
umor could be expected to respond to ad- 
enalectomy. Careful preoperative appraisal 
nd study of each patient has formed an im- 
ortant part in their management, and the 
esponse to orchiectomy and estrogen therapy 
s primary measures of such hormonal de- 
rendency has been observed both subjec- 
ively and objectively. This relatively minor 
urgical procedure was adopted for each pa- 
ient and the effects studied before final sur- 
ery was advised. The result of adrenocortical 
nhibition by the administration of cortisone 
cetate not only was clinically assessed but also 
he chemical response as measured by the serum 
cid phosphatase, urinary calcium, 17-keto- 
teroid and 17-hydroxycorticoid levels was 
deemed important. In a number of patients it 
was correlated with urinary biologic androgen 
levels. The response of the adrenal cortex to 
\CTH stimulation was recorded preoperatively 
and contrasted with postoperative tests as 
measures of the completeness of the procedure. 
The following cases are representative of such 
selection, investigation and general course. 


CASE REPORTS 


Case 1. C. B. (P.B.B.H. No. 8F827), a fifty- 
nine year old man, was admitted to the Peter Bent 
Brigham Hospital on November 1, 1953. Total 
perineal prostatectomy for carcinoma of the 
prostate had been performed six years prior to the 
present admission, followed one year later by 
bilateral orchiectomy and stilbestrol therapy. Three 
years before admission he had had obstructive 
urinary symptoms necessitating dilatation of the 
bladder neck with sounds with only slight relief, 
and in January 1953 he underwent transurethral 
resection of the bladder neck. For one month before 
the present admission there had been persistent 
perineal pain with burning and pain at the end of 
micturition. On examination his general condition 
was good. There was gynecomastia and on rectal 
xamination the prostatic bed was replaced by a 
iard, fixed nodular mass larger on the right side. 
Blood urea nitrogen was 8 mg. per cent and the acid 
erum phosphatase, 0.6 Gutman units. Intravenous 
»yelography revealed a’non-functioning left kidney; 
here was no roentgenologic evidence of osseous 
netastases. Cortisone inhibition of the adrenals 
was begun at a dosage of 100 mg. per day, resulting 
n clinical improvement and disappearance of the 
»erineal pain. He was discharged from the hospital 
mn November 20, 1953, on a maintenance dose of 
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50 mg. of cortisone per day, 0.6 gm. of potassium 
chloride three times a day and a low salt diet. He 
was readmitted on July 15, 1954, with suprapubic 
pain on voiding and hematuria. Six months earlier 
he had stopped the estrogens because of a stony 
hard painless mass in the left breast. Three months 
and two weeks before admission a poor urinary 
stream had developed requiring relief by sounds. 

On July 20 bilateral total adrenalectomy was 
performed. The left kidney was enlarged, densely 
adherent and obviously infected, and in view of its 
non-function was removed. The pathologic report 
was secondary carcinoma in the adrenal gland and 
hydronephrosis of the kidney with chronic pyelone- 
phritis. On discharge in September the pelvic mass 
on rectal examination was of softer consistency and 
had decreased slightly in size. There was also some 
diminution in the size of the left mammary mass 
together with an increase in appetite and weight as 
well as relief of pain. Two days after returning home 
he became nauseated and there was a decrease in 
his urinary output. He was readmitted on Septem- 
ber 9, found to be anuric and while under spinal 
anesthesia skin ureterostomy was performed, a 
catheter being left in the ureter to drain the right 
kidney. Clinical improvement was reflected in a 
satisfactory biochemical response, and he was dis- 
charged on October 20 in a greatly improved state. 
Skeletal radiographs at this time showed no evi- 
dence of metastases. Later follow up showed he 
finally died of the disease on May 24, 1956, twenty- 
two months after adrenalectomy. 


Case. N. McC. (P.B.B.H. No. 5B723), a fifty- 
nine year old man, was first admitted to the Peter 
Bent Brigham Hospital on September 21, 1949, 
with carcinoma of the prostate with local extension. 
Perineal prostatectomy was performed on Septem- 
ber 24, and microscopy revealed carcinoma of the 
prostate; the right testis was absent and left 
orchiectomy was performed on October 1. He was 
discharged on October 6 on estrogen therapy. He 
remained well until January 1951 when he com- 
plained of low backache, and further local exten- 
sion of the growth was found. He was placed on 
25 mg. of cortisone per day for two months with a 
fall in the total 17-ketosteroids from 10 to 3.6 mg. 
per twenty-four hours, but with no clinical im- 
provement. He was readmitted in April 1951 be- 
cause of increasing retention and obstruction of the 
right ureter from local recurrence. 

Bilateral total adrenalectomy and right nephros- 
tomy were performed on May 7. An intravenous 
ACTH test, 20 mg. given over eight hours, six 
weeks after adrenalectomy and prior to discharge, 
revealed no increase in urinary 17-ketosteroid 
excretion in constrast to an elevation from 3.6 to 
13.9 mg. per twenty-four hours on a similar test 
two days prior to operation. Biologic androgen 
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studies performed after adrenalectomy showed a 
range of 0.6 to I international unit of androgen even 
after the cessation of cortisone for five days. 
Further admission in December 1951 was necessary 
for a persistent urinary fistula, and nephrectomy 
was performed; later transurethral resection was 
necessary due to contracture of the vesical outlet, 
and litholapaxy was performed for an associated ves- 
ical calculus. He remained in good health and was 
regularly employed until April 20, 1954, when he 
was readmitted for further resection of the vesical 
neck. At this time there were some mild urinary 
obstructive symptoms but the mass was felt to be 
smaller than it had been three years previously. 
There was no evidence at this time of any metas- 
tasis, but readmission on December 10 because of 
an acute addisonian crisis revealed enlarged left 
supraclavicular glands and palpable masses along 
both external and common iliac vessels. The pros- 
tatic growth was extending widely into the 
perirectal tissues, there was edema of both legs 
which was maximal in the thighs, and edema of the 
penis. Deep x-ray therapy was considered inadvisa- 
ble. Fluorohydrocortisone was substituted for 
cortisone in his daily maintenance and the lowered 
metabolites are well illustrated in Figure 2. An 
ACTH test, 25 units administered intravenously 
over eight hours, was repeated with no increase in 
the level of the 17-ketosteroids. 

In view of the previous hormonal dependency of 
the tumor it was decided to proceed with hypophy- 
sectomy on February 1, 1955. There was a tem- 
porary response with relief of pain in the left leg, 
but assessment was difficult because of a high 
cortisone maintenance postoperatively. Renal in- 
sufficiency with a rising blood urea nitrogen soon 
became apparent and necessitated left nephrostomy 
on February 27, 1955. Prior to this and accompany- 
ing his early symptomatic improvement, there had 
been a fall in the serum acid phosphatase levels 
from 38.5 units to 8.4 units, but this had not been 
sustained. Renal failure culminated in his death on 
March 7, 1955, forty-six months after adrenalec- 
tomy. Autopsy revealed a mass of tumor the size 
of a melon widely invading and occupying the pelvic 
cavity. Pyelonephritis of the remaining kidney was 
also present. 


Case. E. B. (P.B.B.H. No. 9G810), a forty- 
seven year old man, first entered the Peter Bent 
Brigham Hospital on November 1, 1954. He had 
been well until March 1952 when he complained of 
referred pain in the left leg from bony pelvic 
metastases due to carcinoma of the prostate. 
Estrogen therapy was followed in March 1953 by 
bilateral orchiectomy, but for six months before 
admission the pain had become more severe, had 
also occurred in the right arm and there had been a 


loss of 35 pounds in weight in the previous two 
years. 

Examination revealed tenderness over both 
femora and shoulder girdle bones and limitation of 
flexion of the lumbar spine. He had a small hard 
prostate with a central irregular area. Laboratory 
data showed a normal blood urea nitrogen but a 
raised serum acid phosphatase to 9.4 Gutman units 
and a alkaline phosphatase of 12.7 Bodansky units. 
On radiography, the pelvis showed extensive 
metastatic involvement predominantly osteoblastic 
in nature, and both femora showed ‘marked in- 
volvement of the shafts. The lung fields were clear 
but the ribs and shoulder girdle bones were involved 
in the disease, and a comparison with films taken in 
1952 showed progression of all lesions. Intravenous 
pyelography revealed no abnormalities at this time. 
A sternal puncture revealed adenocarcinoma in the 
bone marrow. Administration of 5 mg. of fluoro- 
hydrocortisone per day produced a fall in the 
urinary calcium excretion level from 335 to 262 mg. 
per day on the first two days of such therapy and 
was 120, 179, 152, 171 and 158 mg., respectively, on 
the succeeding five days. This was not accompanied 
by any immediate clinical improvement but he was 
discharged on November 27, 1944, and for the last 
two hospital days and the first week at home 
(while still maintained on 5 mg. of fluorohydro- 
cortisone per day), he had considerable relief of 
pain. A relapse followed and he was readmitted on 
January 4, 1955, when he had lost more weight and 
movements in bed were painful. 

Bilateral adrenalectomy was undertaken on 
January 18, 1955. The postoperative course was 
interrupted by reactionary hemorrhage, following 
which he made an uneventful recovery. Post- 
operatively there was a very marked fall in the 
urinary calcium excretion level (Fig. 3) accom- 
panied by relief of pain. He was discharged on 
February 9, 1955, and a report from his doctor 
states he died on October 20, 1955. 


CasE iv. W. S. S. (P.B.B.H. No. 3A824), a 
seventy-two year old man, was admitted to the Peter 
Bent Brigham Hospital on December 26, 1947, with 
carcinoma of the prostate and spinal metastases. 
Orchiectomy was performed and estrogens ad- 
ministered with relief of backache. Further return 
of symptoms in December 1951 with severe pain in 
the legs necessitated his readmission. Radiography 
showed metastases in the left femur, sacrum, pelvis 
and lower lumbar vertebrae; intravenous pyelog- 
raphy revealed no abnormalities. Cortisone was 
administered for one month, 37.5 mg. per day for 
the first two weeks and 25 mg. per day for the sec- 
ond two weeks, with subjective improvement and a 
fall in the total 17-ketosteroid excretion from 8.8 to 
4-9 mg. per twenty-four hours. Blood urea nitrogen 
was 8 mg. per cent; serum alkaline phosphatase, 
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.o Bodansky units. Twenty-five units of ACTH 
‘iven intravenously showed a 95 per cent fall in 
ysinophils and a rise in urinary 17-ketosteroid 
xcretion from 8.8 to 10.1 mg. per twenty-four 
ours. 
On January 3, 1952, bilateral adrenalectomy was 
rformed with marked postoperative relief of pain 
ccompanied by a fall in serum alkaline phosphatase 
om 89 to 4.2 Bodansky units. The biologic 
ndrogen level fell from 2.1 international units 
reoperatively to 1.5 to 0.6 international units 
ostoperatively with the patient on a daily main- 
nance dose of 25 mg. of cortisone. A review in 
fay 1952 showed that the back and abdominal 
un had disappeared and he moved around freely, 
vhich had not been possible before the operation. 
here was striking improvement in the radiographs 
f the lumbar spine and pelvis, and similar but less 
iarked changes in the pelvic bones where there was 
. diffuse increase in the density in the areas of 
metastases in comparison with the radiograph 
taken six months previously. Intravenous ACTH, 
25 units administered over eight hours for three 
days, caused no increase in urinary 17-ketosteroid 
excretion, indicating the completeness of the 
adrenalectomy. In August 1952 there was a 
recurrence of backache together with occasional 
neck pain, and radiography showed metastases in 
Cs and C6 vertebrae. His final admission was on 
October 6, 1952, when he had further increase in 
backache; the alkaline phosphatase was 11.4 
Bodansky units and serum acid phosphatase was 
18.6 Gutman units. There were increased wide- 
spread osseous metastases and he died on October 
15, 1952. Autopsy confirmed the diagnosis and 
demonstrated metastases in the liver, pleura and 
preaortic nodes in addition to the osseous ones. 


Case v. R. T. (P.B.B.H. No. 6A38), a sixty- 
three year old man, was first admitted to the Peter 
Bent Brigham Hospital on May 19, 1947, with the 
diagnosis of carcinoma of the prostate, for which 
total perineal prostatectomy and bilateral orchiec- 
tomy were performed. The histology of the tumor 
showed a well differentiated adenocarcinoma with 
islands of tumor cells at the periphery and in the 
muscular layers of the seminal vesicles. Serum acid 
phosphatase was 4.2 Gutman units. He remained 
well for three years when a small recurrent nodule 
was detected on rectal examination. He was also 

yund to have polycystic disease of the kidneys and 
hypertension. On readmission November 8, 1951, 
here was frequency, urgency, dribbling, nocturia 

nd hesitancy with pain in the right buttock and 
high which had been present for the past few 
onths. On examination a firm mass 1 cm. in 
iameter in the region of the left seminal vesicle was 
‘ound. A urethrogram showed constriction of the 
nosterior urethra and bladder neck, and a cysto- 


gram showed deformity of bladder outline, with 
displacement to the right probably due to the 
presence of subvesical carcinoma on the left. 
Radiographs of the pelvis showed metastases in the 
right acetabulum and ischium. The urethral 
stricture was dilated with some relief. 

Due to the persistence of pain which had greatly 
increased and now required narcotics, total bilateral 
adrenalectomy was performed on April 15, 1952, 
excision of multiple renal cysts being performed at 
the same time. Preoperative serum acid phosphatase 
was 7.8 Gutman units. There was remarkable post- 
operative improvement in his pain, he no longer 
required narcotics, walked without his previous 
limp and had increased mobility of the spine and 
hips. There was also a marked fall in the hyper- 
tension from 220/120 mm. Hg to 160/90 mm. Hg. 
He was finally discharged on May 9 and exhibited 
symptomatic improvement for one year. His death 
nineteen months later was preceded by a recurrence 
of pain from osseous metastases. 


COMMENTS 


Age and Length of History. The average age 
of patients with prostatic carcinoma is in the 
seventh decade and falls within the general age 
of patients with the disease, the youngest being 
fifty years old and the oldest seventy-two years, 
the mean being 60.5 years. The length of sur- 
vival of the untreated patient is related to the 
natural history of the disease. It is of interest 
to study this period in the series reported 
herein. (Table 1.) The longest survival of forty- 
six months was in a man sixty-one years of age 
at the time of adrenalectomy (Case 1), his 
previous history being of two and a half years’ 


TABLE I 


Age at 


Adrenal- 


Improved 
Improved 
Uninfluenced 
Improved 
Improved 
Uninfluenced 
Improved 
Improved 
Improved 
Improved 
Uninfluenced 
Improved 
Uninfluenced 


MASK 
Y 
2) a 


f 
| Length Length 
Pati of Sur- 
atient 
omy ISLOry vival 
1 (yr.) (yr.) (mo.) 
' 59 6 12 
58 2.5 46 
65 4 5 
69 3 25 
72 4 9 
60 3 6 
62 10 mo. 9 
| 63 2 - 
64 5 19 
| 61 I 12 
54 1.5 4 
50 3 9 
50 2 | 
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Serum Acid Phosphatase 


L Gutman Units 


Estrogens Bilateral 
Started Orchiectomy 
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Gutman Units 


Mar. June 


1951 


Adrenalectomy 


Cortisone 
Acetate 

O00 mgm. /day 

for 14 days 


| 


July 


Fic. 1. Patient J. C. Effect of estrogens, orchiectomy, cortisone and adrenalec- 
tomy on serum acid phosphatase levels in metastatic cancer of the prostate. 
Objective improvement in serum acid phosphatase levels with medical and 


surgical hormonal therapy. 


duration. The alteration of the course of the 
disease suggested that his survival had been 
extended by adrenalectomy. When the length 
of history prior to adrenalectomy was short, 
under two years, presumably due to a more 
actively growing tumor, then the survival time 
was correspondingly low. 

Laboratory Studies. Critical clinical evalua- 
tion of a patient undergoing adrenalectomy is of 
prime importance in estimating the value of the 
procedure but correlation by means of labora- 
tory studies enhances the findings. Direct and 
indirect evidence of the suitability of patients 
for operation may be forthcoming, and while no 
single investigation of itself will suggest success 
or failure, the completeness of the examination 
may indicate the hormonal dependency of the 
tumor. It is only by recording such detail that a 
true evaluation of the procedure may be ob- 
tained. Birke et al. in 1954 [13] emphasized this 
point by fractionating the urinary 17-keto- 
steroids in carcinoma of the prostate and found 
that the androgen metabolites, androsterone 
and etiocholanolone were reduced 60 per cent 
by orchiectomy but had risen in a few weeks in 
more than 50 per cent of patients up to or above 
the preoperative levels. Adrenalectomy caused 
disappearance of androsterone and etiochol- 
anolone. A lowering of biologic urinary andro- 
gens following orchiectomy was shown previ- 


ously by Harrison et al. in 1952 [3] and a further 
lowering after adrenalectomy by Harrison et al. 
in 1955 [14], although some measurable biologic 
androgens are then still found even with 
cortisone withdrawal for five days as reported 
by Munson et al. in 1954 [15]. Specific record- 
ings of acid and alkaline serum phosphatase 
levels (Fig. 1), urinary 17-ketosteroids and 
17-hydroxycorticoid values (Fig. 2), urinary 
calcium (Fig. 3) and urinary biologic androgens 
have been made and their significance in the 
preparation and assessment of the patient is 
worthy of permanent note. Figures 1 to 3 
illustrate some of the results obtained in the 
present series by alteration of the hormonal 
state of the patient by either adrenocortical 
hormone stimulation or by extirpation of the 
adrenal glands. 

Management. The general outline of man- 
agement can be observed in the cases reported 
and follows the usual lines of a careful history 
and physical examination with a thorough 
analysis of the effects of previous hormonal 
therapy and surgery. The special investigations 
include cystoscopic examination and _ radio- 
graphs of the pelvis, spine, femur, humerus and 
lungs. Intravenous excretory urograms are 
performed to outline the kidneys and bladder, 
and the chemistries of value to the immediate 
course are obtained. In particular, the hemato- 
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= ACTH 20mgm./6hr. iv. 
Fluorohydrocortisone 


<= Suppression 


Cortisone Cortisone Cortisone Fluorhydrocortisone 
25 mgm./doy 50 mgm./day 50 mgm./day 2 mgm./day 


Moy !951 January 1955 


Fic. 2. Patient N. McC. Effect of cortisone acetate, ACTH, adrenalectomy and 
fluorohydrocortisone on 17-ketosteroid excretion in metastatic carcinoma of the 
prostate. Satisfactory response of adrenals to stimulation and inhibition. The 
markedly decreased 17-ketosteroid excretion with fluorohydrocortisone is apparent. 


Total URINARY CALCIUM 
Adrenalectomy 


mgm./ 24 hours 
& 


T 


° 


4 100 | 2001 150 100 87.5 75 625 
Cortisone mgm./day 


la2olz2ool so 1 
Hydrocortisone 


Stilboestro! 10 mgm./doy 


Jonucry 1955 February 1955 


Fic. 3. Patient E. B. Urinary calcium excretion before and after total adrenalectomy 
for metastatic carcinoma of the prostate. Beneficial effects of total adrenalectomy 
for carcinoma of the prostate with bony metastases objectively mirrored in fall of 
urinary calcium. 


rit, blood urea nitrogen, eosinophil count, acid § androgens measured biologically are valuable. 
nd alkaline serum phosphatase, urinary These values are also studied in response to an 
alcitum, 17-ketosteroids and 17-hydroxycor- adrenal function test, 25 units of ACTH 


icoids are estimated, and in addition the administered intravenously for eight hours [76]. 
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From the known studies of cortisone inhibition 
[17] and the studies of fractionated 17-keto- 
steroids following cortisone suppression in 
cancer of the prostate by Birke et al. [13], the 
importance of this therapy cannot be too 
strongly emphasized. 

It is believed that cortisone inhibition of the 
adrenals should be attempted in most instances, 
and eight patients in this series were so treated. 
In one patient there was no change or relief of 
symptoms although the dosage was adequate to 
suppress adrenal cortical function. In two 
other patients there was only moderate relief 
of symptoms, but in the remaining five there 
was definite improvement. This improvement 
was of a temporary nature only but lasted in 
one patient as long as eight months. Initially 
100 mg. of cortisone is administered per day 
which is reduced in a few days to 50 mg. per 
day. Recently, however, fluorohydrocortisone 
has been used in dosages of 2 to 5 mg. per day or 
10 mg. of prednisone is given daily. These have 
a more powerful effect than cortisone, and 
therefore may be used in smaller amounts and 
do not interfere so much with urinary steroid 
investigations [18]. 

Adrenocortical inhibition and bilateral total 
adrenalectomy are only late stages in the treat- 
ment of prostatic cancer, and it is advisable to 
regard them so with initial surgery directed at 
an earlier period to the primary tumor and 
testicular control. Apart from direct and in- 
direct surgery for cancer, it is observed that 
local and general complications necessitate 
operative care for the maintenance and pro- 
longation of life. Surgery is required in aiding 
the healing of a pathologic fracture, removing a 
urinary calculus which is probably a late effect 
of infection following cancerous obstruction, 
relieving obstruction of the bowel and re- 
moving prostatic obstruction when a radical 
operation has not initially been performed or 
because of local recurrence. In only six cases 
(46 per cent) was radical prostatectomy per- 
formed or feasible; one patient underwent 
suprapubic prostatectomy in the belief that the 
tumor was benign and one patient underwent 
transurethral resection. All thirteen patients 
with prostatic cancer underwent bilateral 
orchiectomy. 

These are some of the challenges that have to 
be met before undertaking adrenalectomy, and 
it is important to realize that other operative 
procedures may become necessary on a sub- 


sequent occasion in the long term management 
of these patients. Many symptoms can be 
relieved and every thought should be given 
toward making the palliative therapy as 
efficient as possible. 

Operative Considerations. There is no uni- 
formity or orthodoxy about staging total 
adrenalectomy. In this series we have set no 
rule and are guided entirely by the condition of 
the patient at the end of the first adrenalec- 
tomy; it is our custom, if there is no contra- 
indication, to continue with the second side. 
Ten of the thirteen procedures have been 
performed in one stage. Of three patients who 
underwent a two-stage procedure, the first was 
in poor general condition and the operation 
expedited because of severe pain. It was also 
desired to study the effect of unilateral adrenal- 
ectomy on the pain, but there was no alteration. 
The other two patients had cardiac lesions 
producing mildly congestive heart failure, and 
two-staged procedures were deemed advisable 
and were withstood satisfactorily. 

The hormonal management of the patient 
during and after operation is that of Thorn et al. 
[79]. The maintenance of adequate blood pres- 
sure throughout the operative procedure is 
important. Postoperative maintenance is usu- 
ally 37.5 mg. of cortisone administered per day 
supplemented by 1 to 2 mg. of fluorohydro- 
cortisone. The trimethyl acetate of DCA is 
administered once a month (40 mg.), and 
0.6 gm of potassium chloride is administered 
three times a day. 

There are a number of methods of approach- 
ing the adrenal glands. Young in 1937 [20] 
advocated a posterior subcostal approach with 
the patient in the prone position. This has the 
advantage that both sides may be approached 
at the same time, but the operative field is small 
and the view restricted. Chute et al. in 1949 [27] 
performed a transthoracic approach but few 
would agree that opening the pleura is a 
necessary step. Other authors, Cahill [22] and 
Aird and Helman[23], practice a transperitoneal 
approach, the latter emphasizing the value in 
preventing operative shock due to turning the 
patient, but the approach to the right gland is 
difficult. In the majority of patients in the pres- 
ent series a posterolateral approach with 
twelfth rib resection was used; in the remainder, 
Young’s approach was chosen. 

Pathology. Metastases to the adrenal glands 
were found to be present in only two patients. 
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TABLE II 
COMPLICATIONS OF ADRENALECTOMY 


TABLE 
COMPLICATIONS OF DISEASE 


Complication No. of Cases 


ocal infection.......... 
hemorrhage 
\lental depression 
ate adrenocortical insufficiency........ 


\letastatic depositis in other organs and tissues 
vere found in all thirteen patients. A review of 
he microscopy of the original tumors was made 
ind compared with the autopsy material, but 
10 correlation between the initial tumor type 
ind the ultimate response or result could be 
found. 

Complications. In considering the future 
course of patients subject to adrenalectomy for 
cancer, distinction must be drawn between the 
effects of adrenal surgery and the inevitable 
course of the disease process. Complications 
may be listed as those due to adrenalectomy 
(Table 11) and those due to the cancerous condi- 
tion (Table m1), but the division is arbitrary. 
The early complications of operation were 
minor in this series; mental depression was of a 
transitory nature and had cleared up before 
discharge from the hospital. The later compli- 
cation of adrenocortical insufficiency was more 
serious. It occurred in four patients, in two of 
these on two separate occasions. It was evident 
in one patient one month, and in another three 
and a half years after adrenalectomy, while in 
the others it occurred at various intervals be- 
tween these extremes. It was generally in asso- 
ciation with some degree of renal failure, and in 
some was seen in the hot summer months 
despite increased cortisone substitution therapy. 
It was at times dramatically sudden in its ap- 
pearance, although all patients responded 
satisfactorily to intravenous hydrocortisone, 
saline and desoxycorticosterone acetate. It is of 
interest that one patient (H. T.) who had a 
chronic duodenal ulcer withstood investigations 
and surgery without ill effect from cortisone. 

The complications of the neoplastic disease 
are more serious, renal infection playing a large 
part. Ureteral blockage from the primary 
growth or metastases resulted in chronic 
pyelonephritis. Urinary obstruction required 
relief by transurethral resection or dilatation 


Complication 


Renal infection 

Urinary calculi 

Anuria 

Urinary incontinence (postprostatectomy).... 
Pathologic fractures 

Intestinal obstruction 

Perineal and rectovesical fistulas 


-NNNNNW 


in three patients. Urinary calculi were removed 
from the bladder by litholapaxy in two patients 
and anuria secondary to ureteral blockage was 
treated by ureterostomy in two other patients. 
Pathologic fractures of the femora developed in 
two patients, one of whom was treated by 
intramedullary fixation. A perineal and recto- 
vesical neoplastic fistula developed as a 
terminal event in one patient (S. C.) with an 
advanced and resistant case, and two patients 
required colostomy for intestinal obstruction 
due to the tumor. The complications which 
follow the disease process are inevitable and 
general surgical principles should be applied. 
The potential hormonal complications demand 
education of the patient and close supervision 
by the physician. The surgeon and practitioner 
should be constantly aware of the dangers of 
adrenocortical insufficiency particularly when 
intercurrent infection is present and especially 
in hot weather. 

Results. There were no immediate post- 
operative deaths in this series. The earliest 
death occurred four months following operation; 
the longest survival was forty-six months, the 
average duration of survival being thirteen 
months. All patients have been followed up to 
their death. 

Some of the improvements in clinical state 
following surgery have been discussed under the 
representative case reports, and the duration of 
survival is seen in Table 1. The most striking 
evidence has been in the relief of pain; this 
subjective improvement cannot be under- 
estimated in patients whose life span is not 
generally measured in years, and some of whom 
prior to surgery were dependent on considerable 
quantities of narcotics for partial relief. Re- 
covery of painless ambulation and in a number 
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of cases return to energetic work are results of 
prime importance. Even when this has been 
short-lived it has appeared worthwhile. One pa- 
tient survived over two years and another 
nearly four, indicating that long periods of 
relief may be obtained. Objective evidence of 
improvement is indicated by the radiographic 
changes in Case tv, and the lowering of the 
serum acid phosphatase, urinary 17-keto- 
steroids, urinary calcium and biologic andro- 
gens. In four patients there was no evidence of 
even temporary arrest of the disease by surgical 
alteration of the hormonal environment. In one 
patient (S. C.) the course of a rapid and 
progressive cancer could not be abated and 
spread resulted in fistula formation and a 
pitiable death. The growth was evidently out of 
control before adrenalectomy; this procedure 
did not appear to increase or deter the rapidity 
of spread. In one-third of the patients renal 
failure was responsible for death, and this un- 
doubtedly plays a big part in the inevitable 
mortality from the disease. 


CONCLUSIONS 


There is no doubt that all treatment, either 
medical or surgical, of reactivated prostatic 
cancer is of a palliative nature and will do 
nothing toward the ultimate cure of the cancer. 
However, methods of palliation are of impor- 
tance to the patient and fulfill an obligation in 
the field of surgery. 

In reviewing the detailed course of the 
thirteen patients in this series the most striking 
factor has been the relief of pain. This was 
manifest in about 70 per cent, and in most pa- 
tients was the relief of osseous pain, either direct 
or referred. Concomitant with this was an in- 
crease in appetite and a gain in weight. In a 
number of patients this lasted only a few 
months before they were overtaken by the 
progress of their disease, but in one striking 
case of reactivated cancer of the prostate the 
patient derived benefit from surgery until 
shortly before his death almost four years after 
adrenalectomy. In addition to subjective 
improvement and clinical assessment, labora- 
tory studies of such patients indicate an 
objective improvement or temporary restriction 
of growth of the tumor. In studying an opera- 
tion which drastically alters physiology, all 
known methods of assaying such a procedure 
should, when possible, be used. In this series, 


the levels of acid and alkaline serum phospha- 
tase; urinary calcium, 17-ketosteroids, 17-hy- 
droxycorticoids and biologic androgens have all 
been employed, and alterations with surgery 
have been observed; in many cases the lowering 
of such levels was consistent with clinical 
improvement. 

Because of the physiologic alterations which 
accompany the operation it has been believed 
that only those patients who might be expected 
to benefit or are in more terminal stages should 
be subjected to adrenal surgery. With respect 
to our selection, the previous course of each pa- 
tient has been studied and reactions both 
clinically and chemically to orchiectomy and 
estrogens noted. When this has been favorable 
and the growth has reactivated, a course of 
adrenal inhibition originally using cortisone, 
and now using flurohydrocortisone or pred- 
nisone, has been instituted. In most patients 
likely to obtain benefit from adrenalectomy 
there has been a definite temporary improve- 
ment on this regimen. This was not always a 
constant finding, and one patient (J. B.) 
showed a good response for eighteen months to 
adrenocortical inhibition but no response to 
surgery. Another patient (N. McC.) showed no 
clinical response to corticoid therapy, but a 
chemical response was manifest and was fol- 
lowed by great improvement later from 
adrenalectomy. Two other patients showed 
moderate relief with inhibition, one with a good 
result from adrenalectomy, the other without 
effect. The remaining patients correlated well, 
one (W. W.) having no effect from adrenal sup- 
pression and no benefit from adrenalectomy. 

The preparation and care of the patient in the 
operative and immediate postoperative phases 
are important, and in this regard the adminis- 
tration of adequate amounts of cortisone should 
be emphasized. Careful regard for salt retention 
and edema is observed, and when the patient is 
maintained on the lower dosage a monthly 
injection of trimethyl acetate of DCA is 
required. In the absence of the adrenals any 
subsequent infection has a disproportionate 
effect, and the cortisone dosage must be in- 
creased. This may occur at any time after 
adrenalectomy and constitutes one of the 
greatest dangers. It was a feature in almost one- 
third of the patients studied. The margin on 
either side is slight as increased cortisone ther- 
apy will result in increased androgenic activity 
from metabolites, but the small maintenance 
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lose of fluorohydrocortisone appears to an- 
swer this requirement. 

From a study of these thirteen patients it can 
»e stated that as a palliative procedure in 
elected patients with cancer of the prostate, 
otal adrenalectomy has something to commend 
t. There were no deaths or major complications 
rom the operation which resulted in an im- 
provement in nine of thirteen patients. With 
substitution therapy and careful surgery there 
should be no contraindication to the operation 
in selected patients. The main complications 
were those of the disease itself, particularly 
renal failure, and the risk of a late but treatable 
iddisonian crisis. It is believed that there is a 
good case for advising adrenal extirpation under 
certain limited conditions, especially when 
escape occurs in the control of cancer of the 
prostate after orchiectomy, estrogens and 
corticoid therapy have been utilized. It cannot 
be overemphasized that very prompt treatment 
of acute adrenocortical deficiency with hydro- 
cortisone and saline solution administered 
intravenously is necessary to lessen the risk of 
this serious complication. 


SUMMARY 


1. Thirteen cases of total adrenalectomy for 
cancer of the prostate are reviewed. 

2. Detailed clinical, chemical, biologic and 
pathologic investigation and follow up to a fatal 
outcome are presented. 

3. Particular emphasis has been laid on the 
necessity for associated laboratory studies in 
the assessment of objective findings and their 
recording for future analysis. These are corre- 
lated with the clinical source. 

4. Routine selection and preparation of the 
patient, including the use of adrenocortical 
suppression, with the operative technics and 
the future course are discussed. 

5. The palliative nature of the procedure is 
apparent but the comparative safety (no 
mortality from the procedure in this series) and 
the pronounced improvement in nine of thirteen 
patients, in one patient for nearly four years, 
indicate it has a limited but definite place in 
cancer therapy. 

6. With improved methods of suppression of 
adrenocortical activity, e.g., by fluorohydro- 
cortisone and prednisone, an additional stage of 
hormonal therapy has been added to the 
management of carcinoma of the prostate. 
Beyond this stage in carefully selected patients, 


adrenalectomy or hypophysectomy may be 
considered as a final effort to delay the progress 
of reactivated carcinoma of the prostate. 
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Bilateral Orchiectomy in the Treatment of 
Carcinoma of the Prostate 


VincENT J. O’Conor, M.D. AND J. KENNETH SOKOL, M.D., Chicago, Illinois 


androgen-control (or endocrine) man- 

agement of inoperable prostatic cancer came 
bout through the research work of Huggins 
which began in 1939. A series of his reports 
'1-3] first appeared in 1941, and in 1947 he 
formulated the simple theory, a “biological 
syllogism,” as follows: “In many instances a 
malignant prostatic tumor is an overgrowth of 
adult epithelial cells. All known types of adult 
prostatic epithelium undergo atrophy when 
androgenic hormones are greatly reduced in 
amount or inactivated. Therefore, significant 
improvements should occur in the clinical con- 
dition of patients with far-advanced prostatic 
cancer subjected to castration or estrogen 
administration.” 

Studies on the acid phosphate content of the 
prostate gland and the localization of this 
enzyme to the epithelium furnished evidence 
that prostatic cancer is an overgrowth of adult 
prostatic epithelium. 

Several years before Huggins began his work, 
large amounts of acid phosphatase had been 
shown to be present in the prostate gland of 
men and monkeys. Injections of androgen into 
the immature monkey caused an increase to 
adult levels of acid phosphatase in the prostate. 
Gutman, Sproul and Gutman [s], in 1936, 
found that carcinomatous prostatic tissue con- 
tained an excessive amount of acid phosphatase. 
This was true not only in the primary tumor 
but also in many instances of metastatic lesions. 

The great John Hunter, as long ago as 1840 
[6], had observed that normal prostatic epithe- 
lum underwent atrophy secondary to castra- 
tion. White of Philadelphia, in 1895, performed 
castration for nodular hyperplasia of the 
prostate to obtain atrophy of the obstructing 
gland. 

It is now an accepted fact that marked 
degenerative changes in the epithelial cells of 
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prostatic cancer have been verified after castra- 
tion or the administration of estrogen. Thou- 
sands of patients all over the world have been 
benefited by surgical castration and/or the 
administration of estrogens. 

In 1949 the members of the Urosurgical 
Society, composed of nineteen urologists who 
were in charge of teaching services in major 
schools or hospitals, pooled their records of pa- 
tients with carcinoma of the prostate treated by 
the administration of estrogens and/or castra- 
tion. Dr. Reed M. Nesbit submitted these 
records to the statistical department of the 
University of Michigan for correct analysis. The 
records of 1,818 patients were accepted from 
several thousand submitted. It seemed worth- 
while to tabulate these even though a decade 
has passed since their publication by Nesbit 
and Baum in August 1951. 

As will be seen by studying Figures 1 through 
4, the important conclusion which seemed to 
develop was that patients, when first seen with 
carcinoma of the prostate too far advanced to 
justify total prostatectomy, did better and 
lived longer if they were immediately sub- 
jected to bilateral orchiectomy and given 
estrogen therapy as follow-up treatment. It is, 
of course, difficult to arrive at an exact con- 
clusion in the interpretation of such a subject. 

Attempts to establish some measure of 
objective evidence as to the comparative value 
of the administration of estrogens without 
castration, castration alone, or the administra- 
tion of estrogens after castration has been made 
along lines other than mere survival periods 
alone. These attempts include analysis of serum 
acid and alkaline phosphatase levels obtained 
in patients with proved prostatic carcinoma on 
first observation. (Tables 1 and 1.) Will the 
return to normal findings in this respect augur a 
relief of symptoms and a longer life? 
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78% - Control 


60.5 %- Stilbestrol 
54.7%-Orchiectomy 
45.8%-Orchiectomy 


& 
Stilbestrol 


Months 


Fic. 1. Three-year survival of 540 patients with pros- 
tatic cancer treated by castration and/or estrogen 
therapy who were without metastases on first admission. 
A comparison of the three forms of treatment and a 
control series of 273 patients (Nesbit and Plumb) show- 
ing the percentage dead at six-month intervals after 
institution of therapy. 


Again, the figures of the Urosurgical Society 
published by Nesbit and Baum can be quoted. 
(Tables 111, 1v and v.) 

In 1954 we reported to the Section of Urology 
of the American Medical Association on a 
detailed observation of the clinical course in 


90 89% - Control 


80 
74% -Stilbestrol 


Orch. & 
4.8% - 
Stilb. 


63.6% - Orchiectomy 


Per Cent Dead 


le 18 24 
Months 


Fic. 2. Three-year survival of 417 patients with pros- 
tatic cancer treated by castration and/or estrogen 
therapy who had metastases on first admission. This 
shows a comparison of the three forms of treatment and 
a control series of 231 patients (Nesbit and Plumb) 
showing the percentage dead at six-month intervals 
after institution of therapy. 


250 patients with carcinoma of the prostate. 
We were impressed with the fact that some pa- 
tients obtain two separate and distinct periods 
of regression in prostatic cancer activity when 
subjected to “androgen-control therapy.” The 


80% - Control 


71% -Stilbestrol 
69% -Orchiectomy 


56% -Orchiectomy 
& 
Stilbestrol 


30 36 42 48 54 60 
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Fic. 3. Five-year survival of 324 patients with prostatic cancer treated by 
castration and/or estrogen therapy who were without metastases on first ad- 
mission. This shows a comparison of the three forms of treatment and a control 
series of 273 patients (Nesbit and Plumb) showing the percentage dead at six- 
month intervals after institution of therapy. 
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95% - Control 
90% - Stilbestrol 
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79% -Orchiectomy 


54 


Fic. 4. Five-year survival of 263 patients with prostatic cancer treated by 
castration and/or estrogen therapy who had metastases on first admission. A 
comparison of the three forms of therapy and a control series of 231 patients 
(Nesbit and Plumb) showing the percentage dead at six-month intervals after 
institution of therapy. The statistics on three-year and five-year survival repre- 
sent the results of follow-up studies on two separate groups of patients. The 
five-year study is not a continuation of the three-year results. For this reason 
the graphic presentation of the two series, although similar, do not necessarily 
parallel each other during the first thirty-six months of observation. 


first occurs with the administration of estrogens, 
and the second takes place when orchiectomy is 
performed to again attempt a control of 
“secondary reactivation” of the malignant 
disease. (Fig. 5.) 

It is well recognized that carcinoma of the 
prostate is frequently an occult disease of 
protean manifestations. In fact, in many 
instances it seems to lie dormant for years be- 
fore becoming progressively malignant and 
destructive. Whether these differences of 
clinical activity can be explained by the 
cellular picture of the so-called degree of 
malignancy, as some believe, is by no means 
proved by statistical analyses. It might even 
seem that the degree of hormonal or biochemical 
stimulation constitutes the principal source of 
heat which sets this dormant conflagration into 
flame. 

A small group of prostatic malignancies have 

een reported which show no initial response to 
hormonal therapy. Fortunately, these are dis- 
‘tinctly in the minority. These neoplasms are 
\often, but not always, undifferentiated in type. 
raves, Desautels and Warren [10] have 


described and discussed these “hormone- 
independent” tumors. 

It is unnecessary for us to emphasize the 
importance of complete prostatectomy in that 
unfortunately small group of patients in whom 
the lesion seems definitely confined within the 
structure of the gland itself. 

The treatment of patients with carcinoma of 
the prostate should be on the basis of the 
individual’s problem and his anticipated co- 
operation with his medical adviser. Thus, the 
age, general health, local prostatic findings, 
domestic and psychological status, and evi- 
dence of spread of the disease all enter into 
consideration as to the proper therapy to 
initiate upon recognition of the condition. The 
most important item is whether or not the pa- 
tient is intelligent enought to comprehend the 
seriousness of the stiuation and will promise 
close and continued observation with his doctor. 
If he is not of this type, and will submit to 
early castration, this is probably the best 
procedure in his case. For those who will co- 
operate fully, we believe initial estrogen ther- 
apy should be given a trial, with castration 
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TABLE I 
ANALYSIS OF SERUM ACID AND ALKALINE 
PHOSPHATASE LEVELS OBTAINED IN PATIENTS 
WITH PROVED PROSTATIC CARCINOMA 
ON FIRST ADMISSION 


Patients with no demonstrable roentgenographic evi- 
dence of metastases: 

1. A normal acid phosphatase was obtained in 521 of 
656 patients (76 per cent of those studied). 

2. Anormal alkaline phosphatase was obtained in 393 
of 544 patients (72 per cent of those studied). 

3. In those cases in which both determinations were 
made, 206 of 513 patients showed either an ab- 
normal alkaline or acid phosphatase (40 per cent 
of those studied). 

Patients with demonstrable roentgenographic evidence 
of metastases: 

1. A normal acid phosphatase was obtained in 170 of 
494 patients (34 per cent of those studied). 

2. A normal alkaline phosphatase was obtained in 
seventy-nine of 560 patients (13 per cent of those 
studied). 

3. In those cases in which both determinations were 
made, 305 of 360 patients showed either an ab- 
normal acid or alkaline phosphatase (84 per cent 
of those studied). 


being employed only upon failure of this treat- 
ment to cause satisfactory regression of the 
disease, or when the signs of secondary re- 
activation appear. 

The recent investigative work of Scott, in his 
laboratory at Johns Hopkins, would seem to 
indicate the validity of primary administration 
of estrogens followed by castration when evi- 
dence of secondary reactivation occurs. 

The chart shown in Figure 5 was made by us 
In 1954 and comprised a complete, individual 
follow-up on 123 patients over a thirteen-year 
period. Fifty-six received estrogens only; fifty- 
five received estrogens and underwent orchiec- 
tomy; and twelve had primary orchiectomy 
followed by transurethral resection and ad- 
ministration of estrogens. 

In Figure 5, the black area represents the 
periods of estrogen therapy; the lined portion of 
the chart represents the period after orchiec- 
tomy; the arrows designate patients who were 
still alive at the time the chart was prepared. 
Only six of these are known to be alive at this 
time, but the period extends from eight to six- 
teen years since orchiectomy was peiformed. 
Since the majority of those surviving more than 
five years were beyond the “three score and 
ten” average age, it is a noteworthy advance in 
the prolongation of life compared to all control 
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TABLE 
THREE-YEAR SURVIVAL IN PATIENTS WITH PROVED 
PROSTATIC CARCINOMA WITHOUT BONE METASTASES 
ON FIRST ADMISSION: A COMPARISON OF TWO 
GROUPS ON THE BASIS OF NORMAL OR ABNORMAL 
PHOSPHATASES ON FIRST EXAMINATION 


Survival in patients with normal phosphatases on first 
admission: 
Of a group of 194 patients followed up for three years: 

1. One hundred twenty (62 per cent) were alive at 
the end of three years. Of these, 80 per cent 
remained free from metastases; metastases 
developed in 26 per cent, and these appeared, on 
the average, within twenty months of the first 
admission. 

2. Sixty-seven (34 per cent) died of prostatic 
carcinoma. 

3. Seven (4 per cent) died of other causes. 

Survival in patients with abnormal phosphatases on 
first admission: 

Of a group of eighty-seven patients followed up for 
three years: 

1. Thirty-two (36 per cent) were alive at the end of 
three years. Of these, 78 per cent remained free 
from metastases; in 22 per cent metastases 
developed and these appeared, on the average, 
within eighteen months of the first admission. 

2. Fifty-two (60 per cent) died of prostatic carcinoma 
Of these, metastases appeared, on the average, 
within ten months of the first admission. 

3. Three (4 per cent) died of other causes 


groups studied betore the advent of estrogen 
therapy and orchiectomy. 

Since our report in 1954, we have performed 
bilateral orchiectomy in the treatment of 
prostatic carcinoma in sixty-two patients. 
Secondary regression has occurred in 75 per 
cent of these patients. The period of secondary 
regression is obviously unpredictable. A recent 
example was the death of an eighty-eight year 
old man from a cerebral accident. He had 
shown metastatic disease of the first lumbar 
vertebra in 1943. Following orchiectomy (six- 
teen years ago), all evidence of primary dr 
metastatic disease disappeared. 

The technic of orchiectomy for prostati 
carcinoma should be mentioned. Removal off 
both testicles, epididymides and structures ojf 
the spermatic cord below the external ab}- 
dominal ring is the most simple and completie 
procedure. Unfortunately, this leaves the pa} 
tient with an empty scrotum which soon shrivel: 
and atrophies, and often creates a seriou 
psychological effect on the patient. For this 
reason, the great majority of surgeons perform 
ing this operation elect “subcapsular” orchiec; 
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TABLE III 
THREE-YEAR SURVIVAL: 947 PATIENTS 


Per cent Survival at Six-Month Intervals 


Per cent 
No. Dead Not 


Eligible Due to 
36 Carcinoma 


No metastases: 

Stilbestrol 

Orchiectomy 

Orchiectomy and stilbestrol.............. 
\ietastases on admission: 

Stilbestrol........ 

Orchiectomy 

Orchiectomy and stilbestrol. . 
With and without metastases on . admission: 

Stilbestrol 

Orchiectomy 

Orchiectomy and stilbestrol.............. 


TABLE IV 
FIVE-YEAR SURVIVAL: 587 PATIENTS 


Per cent Survival at Six-Month Intervals 


Per cent 
7 No. Dead Not 


No metastases on admission: 

Stilbestrol 

Orchiectomy 

Orchiectomy and stilbestrol 
Metastases on admission: 

Stilbestrol 

Orchiectomy 

Orchiectomy and stilbestrol......... 
With and without metastases on 
admission: 

Stilbestrol 

Orchiectomy 

Stilbestrol and orchiectomy......... 


Eligible | Due to 
Carcinoma 


18.3 
26.2 
36.3 


tomy. This technic entails incision of the tunica 
vaginalis propria and removal of all testicular 
tissue therein. The cord and epididymal struc- 
tures remain and, after closure of the capsular 
incision, a hematoma of varying size forms 
which eventually makes the patient feel that he 
has not been completely emasculated. 
Recently McDonald and Calanis [11] have 
nade an interesting contribution which seems 
o indicate that subcapsular orchiectomy, as 
ommonly performed, may be an incomplete 
procedure. “In a study of 296 patients at 


autopsy, Leydig-like cells morphologically iden- 
tical with parenchymal Leydig cells were found 
in the tunica albuginea in 200 individuals, the 
rete testis in 35, the extratesticular adventitia 
in eight, and the epididymis in one. The 
incidence of these extraparenchymal Leydig- 
like cells increases with the individual’s age, 
being greatest in the 60 to 89 age group. Total 
orchiectomy should be performed in the treat- 
ment of adenocarcinoma of the prostate until 
knowledge is available of the fate of these 
extraparenchymal Leydig-like cells following 


6 | 12 18 24 30 
90.7 | 82.2 | 75.6 | 69.1 | 56.2 | 40.7 142 34 
91.6 | 84.9 | 74.0 | 65.9 | 62.2 | 53.4 239 26 
95.6 | 89.3 | 82.3 | 76.0] 70.0 | 66.0 159 37 
91.0 | 75.0 | 59.0 | 43.0 | 33.0 | 26.0 100 15 
86.7 | 72.8 | 60.4 | 52.7 | 46.0 | 36.4 212 16 
90.5 | 78.8 | 64.0 | 47.1 | 38.3 | 35.2 905 10 
| ort 79.5 | 68.5 | 58.0 | 45.8 | 30.5 242 22 
| 89.4 | 79.2 | 67.9 | 60.4 | 54.7 | 45.3 451 20 
| 93.7 | 89.8 | 75.6 | 65.4 | 58.7 | 54.2 254 25 
6 12 | 18 | 24 | 30 | 36 | 42 | 48 | 54 | 60 
93 . 7/88 . 9/82 . 6/76. 2/63 . 5/55 .6|43 .0|33. 5/31 .0/29.0 63 33 
90 . 8/83 . 7/72. 0165. 1161 .3]51.4145 183 22 
93 .6|84.7|80.8/74. 4/71 .8165 4/57 .8|53 78 30 
96.4|71 .2/48.0]30.8)25 8.7 52 18 
87 .0/69 .9|68 .0/50.6/45 . $135 . 3/31 176 13 
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TABLE V 
RELATION OF AGE AND TYPE OF THERAPY TO SURVIVAL IN 607 PATIENTS FOLLOWED UP FOR 
FIVE YEARS 


| Stilbestrol Entire Group 
Stilbestrol Orchiectomy and (All Forms 
Orchiectomy of Therapy) 


No. of Per cent | No. of Per cent No. of | Per cent No. of | Per cent 
Patients | Survival Patients Survival Patients Survival Patients Survival 


Insufficient number 

0.0 
22.7 
24.6 
28.7 
23.0 


subcapsular orchiectomy.” This interesting hormonal stimulation, they will have made a 
observation is under study at the present time valuable contribution. 

in our clinic as well as several others. If 
McDonald and Calanis have discovered one of 
the reasons for reactivation of the disease after The great mass of experimental and clinical 
subcapsular orchiectomy other than adrenal data which has accumulated since Huggins’ 
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Fic. 5. Follow-up studies of individual patients first treated by estrogen 
therapy only (black line) and later subjected to bilateral orchiectomy (cross 
lines). Time study of survival period after operation was completed as indi- 
cated by length of cross lines. 
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| | | 
Age | ] | 
| 
30-39 | 
40-49 | 7 28.5 | 8 | | 0.0 16 12.5 
50-59 20 20.0 | 44 | 20.0 84 21.4 
60-69 40 17.7 138 35.1 215 25.1 
70-79 37 21.6 153 47.8 | 246 30.8 
80-89 | II 9.0 26 | 12.5 | 45 | 17.7 
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ork in 1939 has substantiated his original 

iim that in all but a very few instances of 
-ostatic carcinoma “significant improvement” 

curs in the clinical condition of patients with 

r advanced prostatic cancer subjected to 

stration or the administration of estrogens. 

Castration should be performed initially if 

e patient cannot be relied upon to take his 

trogens, has troublesome mastitis from the 

trogens, or if local growth or pain is not 

:nificantly improved after a suitable period of 

trogen therapy. 

Our experience suggests that many patients 

ith carcinoma of the prostate have two 

parate and distinct periods of clinical regres- 
on of both the primary lesion and the meta- 
atic deposits. The first occurs with the 
dministration of estrogens and may be brief 

r prolonged. The second occurs when orchiec- 

my is performed in an attempt to control the 

secondary” reactivation of the malignant 
process. 

We have also injected radioactive isotopes 
into the primary lesion in almost 100 patients, 
and have performed bilateral adrenalectomy 
in eight patients and hypophysectomy in two. 
Recently we have activated bony metastatic 
lesions which were progressive and then 
administered intravenous radioactive sodium 
phosphate with relief of pain and temporary 
improvement. These latter measures are not a 
part of this discussion, but are mentioned to 
show that the final step in the treatment of 
prostatic malignancy is yet to come. 
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ener. removal of endocrine tissue may be 
indicated for a variety of reasons. The 
nature and extent of the surgery will vary with 
the disease process and the surgeon’s inten- 
tions. Also, even with the same disease and 
with the same objective, some unavoidable 
differences in the final result may occur from 
case to case. The endocrine deficiencies which 
result may be temporary or permanent and 
judicious management of the varying problems 
which may arise cannot be outlined as rules of 
thumb. The responsible physician will require 
a thorough understanding of the functions of 
the endocrine secretions. 

A few general principles are helpful in con- 
sidering the problems which follow endocrine 
surgery: 

First, excessive hormone production by a 
hyperfunctioning tumor usually leads to func- 
tional atrophy of all like tissue. For example, 
hyperfunctioning parathyroid tumors are likely 
to be associated with atrophy of the remaining 
parathyroid glands, and removal of such a 
tumor results in a temporary state of hypo- 
parathyroidism with tetany. Likewise, removal 
of a hyperfunctioning adrenal tumor associated 
with Cushing’s syndrome is apt to result in 
serious adrenal cortical insufficiency; removal 
of an insulin-producing islet cell tumor of the 
pancreas is usually followed by hyperglycemia 
and glucosuria. These deficiencies are usually 
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temporary and may or may not pose a serious 
problem. 

Second, it must be recognized that the most 
acutely dangerous deficiency, so far as life is con- 
cerned, is deficiency of certain of the adrenal 
cortical hormone(s). The adrenal cortical hor- 
mones are peculiar in that there is no fixed daily 
requirement applicable to all physiologic cir- 
cumstances, and doses of exogenous hormone 
necessary for replacement are variable. Thus, 
under benign environmental circumstances, 
25 mg. of hydrocortisone per day is adequate to 
maintain homeostasis, while under the stress of 
illness or injury 200 mg. or more might be 
required. Conversely, these large amounts 
would be non-physiologic under benign circum- 
stances and lead to hyperadrenocorticism. 

Third, rather large amounts (greater than 
amounts usually considered physiologic) of a 
replacement hormone may be necessary to 
avoid physiologic disaster in the transition 
period between a state of hyperfunction and one 
of normal function. The body does not seem to 
tolerate too abrupt a change from a state of 
hormonal excess, possibly because it has in 
some manner become adapted to the excessive 
amounts of hormones produced by hyper- 
functioning endocrine tumors. This principle 
applies when shock follows removal of a 
pheochromocytoma, and remarkably large 
doses of epinephrine-like hormones may be 
necessary for a time. Larger doses of cortisone 
seem to be required after surgery for Cushing’s 
syndrome than when normal adrenals are re- 
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ved, as in the palliation of metastatic 

‘cinoma of the breast. 

Finally, the anterior pituitary elaborates 

ee gonadotropic hormones, a_ thyrotropic 

rmone, an adrenocorticotropic hormone and 
o-called growth or protein-anabolic hormone. 

e latter hormone does not have a single 

‘an as a target, but appears to act on tissues 

ierally. The pituitary does not appear to 

borate hormones that act directly on the 

ithyroid or pancreas. When dealing with a 

iciency of pituitary function, the hormones 

he target glands (thyroid, adrenal cortex and 
iads) are usually used in replacement ther- 

, and can be administered orally. The pitui- 
ary hormones themselves are generally less 

tisfactory for treatment since they are 
»roteins and must be given parenterally, and 
since the response of the target organ is 
inpredictable. 

[he management of deficiency states of the 
peripheral endocrine organs will be discussed 
before considering the problem of pituitary 
deficiency; the latter problem will then be more 
easily discussed and understood. 


MANAGEMENT OF THYROIDAL INSUFFICIENCY 


Occasionally, surgery of the thyroid (for 
Graves’ disease, toxic or non-toxic nodular 
colloid goiter, Hashimoto’s struma or carci- 
noma) will result in thyroidal insufficiency and 
the development of myxedema. The incidence 
of this complication is uncertain, but will vary 
with the surgeon and the problem involved. It 
is particularly likely to develop if less than 
2 gm. of thyroid tissue remains. The complica- 
tion is not serious unless the disturbance 
remains unrecognized. Since the myxedematous 
state develops slowly, the surgeon has an 
obligation to the patient beyond the period of 
healing of the wound. 

{n the development of hypothyroidism after 
surgery, the level of circulating thyroid hor- 
mone as measured by the protein-bound iodine 
fails more precipitously than does the basal 

1etabolic rate. The protein-bound iodine will 
e distinctly below normal levels within two to 

r weeks after surgery, while evident signs 
and symptoms of myxedema may require two 
to three months to develop and not be “full- 
blown” for six months. However, should the 
deelopment of myxedema be delayed more 
then a year after thyroidal surgery, it can be 
assumed that some other complication has oc- 


curred in the remaining tissue, e.g., thyroiditis. 

Occasionally, the protein-bound iodine only 
temporarily dips below normal, and minimal, 
equivocal signs of hypothyroidism appear. 
Within a short time, however, the remaining 
thyroid tissue recovers sufficiently so that 
permanent myxedema does not result. 

The treatment of permanent, postoperative 
hypothyroidism is simple; however, the patient 
should be told that maintenance therapy must 
be lifelong. Unless the patient has complicating 
coronary artery disease, replacement therapy 
with 1 to 2 gr. of desiccated thyroid (U.S.P.), 
taken as a single dose in the morning, is begun 
when the diagnosis is established. Since the 
normal thyroid elaborates the equivalent of 
about 2 to 3 gr. per day, and since 1 gr. raises 
the protein-bound iodine about 2 yg. in a 
myxedematous patient, a dose of 2 gr. is 
usually sufficient to bring about a euthyroid 
state with a normal basal metabolic rate and 
protein-bound iodine. Minor adjustments in the 
maintenance dose may be necessary. While 
there is no apparent advantage, t-thyroxine 
sodium (0.1 mg. equivalent to about 1 gr. of 
dried thyroid) is employed by some clinicians. 
Except perhaps in patients with advanced 
coronary artery disease, there is no real place 
for the use of the rapidly dissipated substance, 
tri-iodothyronine, in the treatment of post- 
operative myxedema. 

If thyroidectomy or radioiodine has been 
employed to induce myxedema for therapeutic 
purposes in a patient with incapacitating 
angina, the problem may be difficult because 
the patient may need some thyroid substance 
to alleviate some of the unpleasant symptoms of 
myxedema, but not enough to restore a 
euthyroid state and thereby aggravate the 
angina. Only by trial and error can a satis- 
factory balance be accomplished. Because its 
metabolic effects are rather rapidly lost on 
withdrawal, tri-iodothyronine may have some 
advantage in the management of this problem. 


PARATHYROID INSUFFICIENCY 


As a Complication of Thyroid Surgery. Ac- 
cidental surgical removal or damage to the 
parathyroids is the most common cause of 
parathyroid insufficiency. Consideration of 
other causes of manifest tetany (e.g., alkalosis 
from hyperventilation of hypocalcemia from 
steatorrhea) is usually not a problem because 
signs and symptoms of tetany appear rapidly 
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after the surgical procedure, usually in twenty- 
four to thirty-six hours, rarely in four to five 
days. If tetany occurs, it means that all four 
parathyroids have been removed, or at least 
damaged by edema, contusion or anoxia. If one 
remains in good condition, no tetany results. 
The hypoparathyroidism may be temporary or 
permanent. Tetany may be mild or severe. The 
chemical picture is that of hypocalcemia, 
hyperphosphatemia and hypocalciuria. 

The treatment of acute parathyroid insuffi- 
ciency involves the prompt use of calcium 
administered intravenously (usually in the 
form of 1o ml. of a 10 per cent solution of 
calcium gluconate), repeating the doses until 
manifest tetany (carpopedal spasm, laryngo- 
spasm) disappears. Parathyroid extract is not 
used because it is entirely unnecessary, expen- 
sive and quickly loses its effectiveness. 

After temporary correction by the intra- 
venous administration of calcium, oral medica- 
tions are usually tolerated; therefore, the oral 
administration of calcium lactate powder is 
promptly started, giving at least 1 to 2 tea- 
spoonfuls dissolved in water three to four times 
daily. In addition, therapy with vitamin D 
(50,000 to 150,000 units daily) to promote 
gastrointestinal absorption of calcium is begun. 
As an expensive alternative to vitamin D, 
dihydrotachysterol (A.T.10) may be used to 
accelerate both renal excretion of phosphorus 
and intestinal absorption of calcium. Usually 
2 ml. (2.5 mg.) daily is employed initially until 
low normal levels of blood calcium are found or 
until modest amounts of calcium appear in the 
urine by the qualitative Sulkowitch test; the 
dose is then reduced to 1 ml. three times weekly 
(see the following paragraph regarding chronic 
parathyroid insufficiency). 

Throughout the management of acute and 
chronic parathyroid insufficiency, two points 
should be borne in mind: (1) miik and cheese 
should be avoided because of their high 
phosphorus content, and (2) the use of calcium 
lactate powder is preferable to calcium tablets 
because the hard tablets are erratically dis- 
solved and absorbed. 

After the actue problem is over, it is neces- 
sary to determine whether the postoperative 
tetany will prove to be temporary (from 
damaged but viable parathyroids) or perma- 
nent. Therefore, after a month or two the 
administration of all medications is stopped 
and the patient is carefully observed, clinically 


and chemically. If tetany promptly recur: 
(within one week) the deficiency is likely to be : 
permanent one requiring lifelong management 

The management of cbronic hypopara 
thyroidism is too frequently inadequate. Th 
development of cataracts is one of the con 
sequences of deficient therapy. All patient 
should receive a constant, extra supply of ora 
calcium, 1 to 2 teaspoonfuls of calcium lactat 
powder three to four times daily. Milk an 
cheese are to be avoided. In addition, it i 
almost always necessary to employ vitamin | 
(40,000 to 150,000 units daily) or dihydro 
tachysterol (1.25 mg. three to seven times pe 
week); the former is cheaper and equall 
satisfactory. Larger amounts of vitamin D ar 
practically never necessary if adequate extr 
calcium is supplied. The aim of therapy is to 
maintain the serum calcium and phosphorus a 
normal levels. Adjustment of the therapeuti: 
program may require several weeks of pains- 
taking observation. There is no need to suppl) 
adjunct medications such as acidifying agents 
to promote calcium absorption, or aluminum 
hydroxide to inhibit phosphate absorption; th« 
patient is busy enough with the oral calcium 
and vitamins he must take for the rest of his life. 

Obviously, postoperative myxedema may be 
an additional concomitant problem that may 
need management. 

As a Complication or Removal of a Parathyroid 
Adenoma. Parathyroid insufficiency of a tem- 
porary nature may or may not follow removal 
of a hyperfunctioning adenoma. If no bone dis- 
ease is present (the hyperparathyroidism hav- 
ing manifested itself in some other way, e.g., 
kidney stones, pancreatitis, peptic ulcer) 
usually no. significant hypocalcemia occurs 
postoperatively. In these cases the elevated 
calcium falls and the phosphorus rises to nor- 
mal levels within a few days. Should tetany 
occur, it is usually mild and quickly and easil\ 
responds to the administration of extra calciun 
for a few days. . 

On the other hand, if bone disease is present, 
the chemical and clinical manifestations of post- 
operative hypoparathyroidism are exaggerate! 
because of the rapid movement of calcium (and 
phosphorus) to healing bone. In fact, thi 
exaggerated movement of calcium to bone 
with the tendency to deplete the small store 
of calcium in the blood, will exist until complet 
healing occurs and, therefore, may requir 
several months. Initially, tetany may be almos 
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ntractable and large doses of calcium admin- 
stered intravenously may be necessary; there- 
ifter the patient should follow a good general 
fiet with extra oral calcium (e.g., 1 to 2 tea- 
poonfuls of calcium lactate four times daily). 
)ecasionally, it may be necessary to add 50,000 
0 100,000 units of vitamin D to the program. 


INSUFFICIENCY OF PANCREATIC ISLET CELLS 


After the surgical removal of an insulin- 
vroducing islet cell tumor, some degree of 
i\yperglycemia occurs because of insulin defi- 
iency of the remaining tissue. This diabetic 
state occurs promptly after removal of the 
umor, is usually mild in degree, is not asso- 
‘lated with significant ketosis and subsides in 
me to three days. Indeed, the occurrence of 
this phenomenon provides a degree of assurance 
that all of the offending pathologic tissue has 
een removed. We have not found insulin to be 
necessary in this transitory diabetic state; how- 
ever, if the hyperglycemia should be marked, 
small amounts of regular insulin could be 
administered. 


TESTICULAR AND OVARIAN DEFICIENCY 


Surgical removal of both testes, or ovaries, 
may be performed in a deliberate attempt to 
eliminate endogenous androgen, or estrogen, as, 
for example, in the palliation of hormonally 
dependent carcinomas. Obviously, replacement 
therapy is not indicated because the hypo- 
gonadal state is the objective of surgery. 


DEFICIENCY RESULTING FROM REMOVAL 
OF CHROMAFFIN TUMORS 


Pheochromocytoma may arise from any 
chromaffin tissue, but most often is located in 
one adrenal gland. It may on occasion be bi- 
lateral or multiple and may be malignant. The 
clinical manifestations are the result of exces- 
sive production of adrenalin and/or nor- 
adrenalin. Because chromaffin tissue is wide- 
spread, permanent deficiency of its hormones 
after removal of hyperfunctioning tissue is 
inknown. 

The acute management during and imme- 
liately after surgery is directed at controlling 
he blood pressure. Phentolamine (Regitine®) 
ind levarterenol (Levophed®) should be present 
n the operating room and an infusion of 5 per 
ent glucose and water should be started prior 
o surgery to facilitate injection. The blood 
ressure should be recorded at two- to three- 


minute intervals during the induction of 
anesthesia and the surgical procedure. A rise in 
blood pressure frequently begins during anes- 
thesia and is accentuated by manipulation of 
the tumor. Phentolamine in 5 mg. amounts may 
be required to control this. When the vascular 
pedicle of the tumor is ligated, a fall in blood 
pressure, which may be profound, is anticipated. 
If the blood pressure does not fall, a second 
tumor should be suspected. Levarterenol, 4 mg. 
in 1,000 cc. of 5 per cent glucose in water, is 
administered at the rate required to maintain 
the systolic pressure at about 100 mm. Hg. 
Not infrequently a concentration of 4 mg. per L. 
is insufficient and, so as to avoid large infusions 
of fluid, additional ampules of levarterenol may 
be added (8 to even 32 mg. per L.) and the rate 
of administration adjusted accordingly. 

Following surgery, levarterenol is continued 
by intravenous drip at a gradually diminishing 
rate until the patient is able to maintain a 
satisfactory systolic pressure without aid. The 
blood pressure should be recorded at thirty- to 
sixty-minute intervals for at least twenty-four 
hours after operation. Levarterenol may be 
required for several days. Great care should be 
exercised to avoid extravascular extravasation 
of the injected material and the use of a 
polyethylene, intravenous catheter has many 
advantages. Excessive administration of levar- 
terenol is to be avoided. 


ADRENOCORTICAL INSUFFICIENCY FOLLOWING 
ADRENAL SURGERY 


Adrenalectomy is most clearly indicated in 
certain conditions due to primary excessive pro- 
duction of one or more of the adrenal hormones. 
Three major classes of hormones have been 
identified in adrenal venous blood: (1) hydro- 
cortisone-like hormones; (2) sex hormones and 
(3) aldosterone (and less potent “‘electrolyte- 
regulating” hormones). Diverse clinical syn- 
dromes develop when one or varying mixtures 
of these hormones are produced in excess. It 
may be impossible to decide on the basis of the 
clinical picture or laboratory studies whether 
the disturbance is caused by a unilateral tumor 
or bilateral hyperfunction; hence, bilateral 
adrenalectomy must always be anticipated. 
Even when a tumor is found and removed, the 
remaining adrenal tissue will be more or less 
functionally hypoactive, particularly in Cush- 
ing’s syndrome, and the patient will require a 
temporary exogenous supply of cortisone for 
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variable periods. When total adrenalectomy is 
performed for less clear-cut reasons (palliation 
of carcinomatosis, hypertension, diabetes mel- 
litus), adrenal insufficiency is to be expected. 
One hyperplastic adrenal disorder (congenital 
cortical hyperplasia with excess production of 
androgen) is not a surgical problem. The basic 
defect here is the inability to complete the 
syntheses of hydrocortisone, with secondary 
overproduction of sex hormones due to un- 
opposed adrenocorticotropic action. Here, sup- 
pression of pituitary ACTH by administration 
of cortisone-like hormones will control the 
condition. 

It is obvious that the primary hazard during 
and immediately after adrenal surgery is acute 
adrenal insufficiency. Since the peak rate of the 
production of hydrocortisone-like hormones 
during stress (or ACTH stimulation) has been 
estimated to be in the range of 300 mg. per day, 
150 mg. of cortisone is administered intra- 
muscularly the day before and again the morn- 
ing of surgery. The injected cortisone is given 
in two sites, 75 mg. in each buttock, to facilitate 
absorption. 

When adrenal exploration is begun, 1 L. of 
5 per cent glucose in saline is started intra- 
venously. Hydrocortisone for intravenous ad- 
ministration should be present in the operating 
room and added to the intravenous fluid if 
hypotension or tachycardia develops which 
cannot be explained by blood loss, hypoxia or 
other phenomena incident to the surgical 
procedure. 

In the recovery room and for the first twenty- 
four to thirty-six hours after surgery, the blood 
pressure, pulse, temperature and state of 
consciousness should be noted at hourly 
intervals. Administration of cortisone should be 
continued in doses of 50 mg. intramuscularly 
every four to six hours for the first postopera- 
tive day and then reduced over a period of 
seven to ten days to maintenance levels, or 
discontinued if adequate adrenal tissue remains. 
Should the patient be suffering from severe 
Cushing’s syndrome, it may be necessary to 
employ somewhat larger doses and to continue 
these for several weeks postoperatively. Hypo- 
tension, tachycardia, pyrexia, confusion or 
coma, singultus and nausea, vomiting or 
diarrhea should be carefully appraised and if 
non-adrenal causes are not present, 100 mg. of 
hydrocortisone should be administered in 
500 cc. of 5 per cent glucose and saline over a 


period of about four hours. If the signs and 
symptoms described are the result of adrenal 
insufficiency, a prompt response should occur. 
Failure to respond promptly should initiate a 
careful search for hidden bleeding, infection or 
other complications. If infection should occur 
postoperatively, more rather than less cortisone 
should be administered with appropriate 
antibiotics. 

Since the patient with suboptimal adrenal 
function is inflexible in handling water and 
electrolytes, fluid intake and output should be 
carefully recorded and, with an estimate of 
insensible losses, used as a guide to future fluid 
therapy. Serum electrolytes should be deter- 
mined at two- to three-day intervals for the first 
seven to ten postoperative days. In our experi- 
ence, disturbance of the serum electrolytes is a 
relatively late manifestation of adrenal in- 
sufficiency and the presence of normal levels of 
the serum electrolytes does not guarantee nor- 
mal adrenal function. Overloading with elec- 
trolyte-free intravenous fluids must be avoided. 

Oral feedings should be initiated as early as is 
safely possible to insure adequate caloric intake 
and to minimize the risk of development of 
acute “stress” ulceration of the stomach or 
duodenum. Because of several personal experi- 
ences with acute gastrointestinal hemorrhage 
during the first few days after adrenal surgery, 
while levels of exogenously administered ster- 
oids are still high, milk and aluminum hydrox- 
ide gel are given between feedings and at 
bedtime for the first postoperative week. 

Drugs, such as narcotics, to which the patient 
with adrenal insufficiency is inordinately sensi- 
tive, should be used with some caution. An 
exception to this is the patient with carci- 
nomatosis who has required large doses of 
narcotics to control pain; here, it is probably 
wiser to continue the usual dosage of these 
agents to avoid the complications of narcotics 
withdrawal. 

A few comments are necessary regarding the 
problem of surgery for primary aldosteronism. 
It seems wise to prepare these patients. for 
surgery by restricting sodium intake (to mini- 
mize urinary potassium wasting) and supple- 
menting potassium intake for at least a week 
prior to operation in the attempt to raise the 
serum potassium to less precarious levels. 
Cortisone should then be administered pre- 
operatively as outlined previously, since bi- 
lateral hyperplasia may require total or sub- 
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total adrenalectomy, and since some aldos- 
terone-producing tumors also secrete excessive 
:mounts of hydrocortisone. 

The physiologic basis for the chronic manage- 
nent of the adrenalectomized patient rests on 
\bservations indicating that normal persons 
under basal conditions produce approximately 
20 mg. of hydrocortisone daily, that this figure 
is increased during illness or injury, in a manner 
roughly related to the “‘severity”’ of the stress, 
ind that peak excretions in the range of 300 mg. 
per day occur with maximal stimulation. 

When bilateral complete adrenalectomy has 
been performed, lifelong replacement therapy 
will obviously be required. Most patients will 
be satisfactorily controlled by taking 12.5 mg. 
of cortisone twice daily, before breakfast. and 
the evening meal. In addition, as opposed to the 
hypophysectomized patient who has residual 
aldosterone secretion, the adrenalectomized pa- 
tient will almost always require supplemental 
salt-retaining hormone. Desoxycorticosterone 
acetate linguets, 2 mg. once or twice daily, or 
g-alpha-fluorohydrocortisone, 0.1 to 0.2 mg. 
orally daily, has been adequate in most in- 
stances. We have not found it necessary to use 
injectible DOCA® in chronic management and 
believe strongly that the use of DOCA implants 
should be discouraged because of unpredictable 
absorption. It is seldom necessary to add salt 
beyond that which the patient voluntarily 
ingests with meals. 

During illnesses of moderate severity, such as 
common viral infections, urinary tract infec- 
tions or minor injuries, increasing the dosage of 
cortisone to 25 mg. twice daily will usually 
suffice. In more serious illnesses, the dosage 
should be proportionately increased. In the 
event of overwhelming infection or injury, oral 
medication may be impossible (particularly if 
vomiting or diarrhea is present) or inadequate. 
In this instance, it is necessary to recall that 
cortisone administered intramuscularly does 
not act for a period of several hours and if a 
rapid effect is imperative, intravenous injec- 
tions of hydrocortisone must be used. When 
elective procedures are to be performed, such 
as dental extractions or elective surgery, the 
dosage of cortisone should be increased on the 
day before, the day of and for several days 
alter the procedure. 

When subtotal, rather than total, adrenalec- 
tomy has been performed, the physician’s task 
is more difficult. The amount of functioning 


adrenal tissue remaining is unknown. The basal 
excretions of the 17-ketosteroids and cortico- 
steroids and the response to ACTH stimulation 
are of some value in estimating the functional 
capacity of the remaining tissue. However, the 
ability to function normally at basal levels and 
even an apparently “normal” response to 
ACTH stimulation does not guarantee that 
acute adrenal insufficiency will not occur with 
severe stress. We believe it is prudent to ob- 
serve such patients closely during minor ill- 
nesses without the prophylactic administration 
of adrenal steroids. However, when patients of 
this sort are to be subjected to major surgical 
procedures or are severely ill from any cause, 
we prefer to initiate therapy as if no adrenal 
tissue were present. ACTH has no place in the 
treatment of this type of patient or in any pa- 
tient in whom adrenal insufficiency exists or 
may occur. The adrenal response to ACTH can- 
not be reliably predicted and the supposed 
advantage of “stimulating” residual adrenal 
tissue is nullified by the concomitant suppres- 
sion of the patient’s pituitary. 

Some patients who have undergone adrenal- 
ectomy because of Cushing’s syndrome will 
require larger doses of cortisone, in the range of 
50 mg. daily, for a period of several weeks or 
even months after surgery. These patients in 
some manner become accustomed to higher 
levels of the adrenal steroids and note weakness, 
listlessness and a general feeling of ill health if 
too rapid tapering of dosage is attempted. 


PITUITARY INSUFFICIENCY 


Ablation of the pituitary gland is clearly 
indicated when primary tumors arising in this 
region compress the adjacent optic chiasm or 
impinge on the ventricular system, and it may 
be required in an occasional patient with 
acromegaly who does not respond to x-ray 
therapy. The possible role of hypophysectomy 
in the palliation of some forms of carcinomatosis 
and for amelioration of the vascular changes of 
diabetes mellitus is discussed in another article 
in this issue. No attempt will be made here 
to enumerate and describe the variety of 
tumors and their various manifestations. 

Acute Management. If the lesion requiring 
surgery has already produced some degree of 
pituitary insufficiency, it is desirable to delay 
surgery until metabolic abnormalities are cor- 
rected by replacement therapy with cortisone, 
desiccated thyroid and occasionally Pitressin® 
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The major risk following hypophysectomy is 
the unpredictable response of the adrenals to 
the combination of surgical stress and the 
abrupt loss of adrenocorticotrophic hormone. 
All patients undergoing pituitary surgery, 
whether or not previously deficient in pituitary 
function, should therefore receive 150 mg. of 
cortisone intramuscularly (75 mg. in each 
buttock) on the day before and again on the 
morning of surgery. Cortisone therapy is 
continued postoperatively with gradual taper- 
ing to maintenance dosage during the first post- 
operative week. An oral preparation is sub- 
stituted as soon as the patient is able to take 
food and fluids. The same general precautions 
are observed during and after surgery as 
described for bilateral adrenalectomy (vide 
supra). 

Severe diabetes insipidus may also appear 
abruptly after section of the pituitary stalk or 
operative trauma to the posterior pituitary or 
hypothalamus. Severe hypertonic dehydration 
can quickly occur in the patient postoperatively, 
particularly because his sensorium may be so 
clouded that he does not make his needs for 
water known. To detect this, the urinary out- 
put is measured every two hours for the first 
day or two postoperatively. If urine flow 
exceeds 300 ml. for any two-hour period, 
Pitressin should be administered, particularly if 
the patient is not fully conscious. Pitressin 
tannate in oil, 3 units intramuscularly (after 
careful warming and mixing of the vial) every 
day or two, will usually suffice. Aqueous 
Pitressin, 0.3 ml. subcutaneously every four to 
six hours, may be used instead. 

A fully conscious patient may be able to 
guard against dehydration by responding to the 
sensation of thirst; however, the physician 
must be alert to the possibility that this 
mechanism may not be completely integrated. 

Faced with the immediate risks of adrenal 
insufficiency and/or acute diabetes insipidus, 
it is obvious that meticulous attention to losses 
of water and electrolytes by all routes will be 
necessary in planning parenteral replacement 
fluids. Usually 5 per cent glucose in water at a 
rate of 100 to 200 ml. per hour will be sufficient 
for the first few days after surgery; fortunately 
most patients will be able to take food and 
fluids orally in two to three days. Without care- 
ful observation, the patient whose thirst 
mechanism is dulled by disease, surgery or 
narcotics may become desiccated and the 


appearance of diabetes insipidus may be 
masked. 

Chronic Management. Loss of the anterior 
pituitary hormones results ultimately in failure 
of sexual function, hypothyroidism and adrenal 
insufficiency, usually in that order. Some varia- 
tion in the degree of insufficiency can be ex- 
pected in different patients. As indicated, how- 
ever, adrenal insufficiency may appear suddenly 
at any time, especially when the patient is 
stressed. The absence of growth hormone may 
be detected by amelioration of pre-existing 
diabetes mellitus or failure of linear growth in 
the adolescent. 

Therapy is directed primarily at preventing 
life-threatening adrenal insufficiency and re- 
placing additional hormones as dictated by the 
patient’s feeling of well-being and the goals of 
the surgical procedures. As already noted, the 
protein hormones of the anterior pituitary are 
not satisfactory for long term therapy and the 
hormones of the target glands are therefore 
given. 

Cortisone should be given in a usual dosage 
of 12.5 mg. twice daily, orally, after the 
immediate postsurgical period. The dosage 
should be increased during illness or injury 
exactly as outlined in the management of 
the patient undergoing bilateral adrenalec- 
tomy. In contrast to the patient without 
adrenals, hypophysectomy leaves aldosterone- 
secreting tissue largely intact and additional 
salt-retaining hormone is seldom required. 

Laboratory evidence of hypothyroidism is 
usually present within four weeks and clinical 
myxedema appears in four to eight weeks [3]. 
There is no real need to begin replacement 
therapy until four to eight weeks postopera- 
tively; the degree of suppression of thyroid 
function which develops serves as a valuable 
clue to the completeness of hypophysectomy. 
Desiccated thyroid, 2 to 3 gr. orally each 
morning, is always adequate. Administration of 
thyroid should not be begun prior to cortisone 
therapy because of the risk of precipitating 
acute adrenal insufficiency by too rapidly in- 
creasing the metabolic rate. 

Pituitary gonadotropins disappear from the 
urine within three to ten days after surgery [1] 
and failure of sexual function usually appears 
early. If surgery was performed with the aim of 
abolishing the production of the sex hormones 
(e.g., in carcinomatosis), replacement therapy 
is obviously not indicated. In other instances, 
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administration of 30 to 60 mg. of methyltestos- 
terone daily (for males) or 0.1 to 0.2 mg. of 
diethylstilbestrol daily (for females) may im- 
prove the patient’s strength, feeling of well- 
being and sexual function. Estrogen therapy in 
adult females usually does not exert a strikingly 
beneficial response and amounts which induce 
artificial menstrual bleeding should be avoided. 
Recent success in promoting linear growth 
in pituitary dwarfs by administering human 
growth hormone [7] holds promise in managing 
the adolescent with pituitary insufficiency. 
The need for chronic management of diabetes 
insipidus is more difficult to predict. As noted, 
this may appear abruptly after surgery. Even 
in these instances, permanent diabetes insipidus 
may not develop, initial polyuria being attrib- 
uted to temporary “‘shock”’ of the hypothal- 
amic-neurohypophyseal system [4]. A “tri- 
phasic” response may also occur, consisting of 
immediate polyuria, followed by a period of 
normal urine volumes and concentrations 
(presumably due to the liberation of anti- 
diuretic hormone from degenerating cells in the 
neurohypophyseal system), and finally, a stage 
of permanent diabetes insipidus [2,6]. When 
combined anterior and posterior pituitary 
insufficiency exist as a result of tumor or sur- 
gery, polyuria may not be apparent until 
cortisone therapy is begun. The exact manner 
in which cortisone acts to “unmask” diabetes 
insipidus in these instances is in question [5,8]. 
Permanent diabetes insipidus as a result of 
hypophysectomy is seldom severe; administra- 
tion of Pitressin is not often required. Its use 
should be dictated by the presence or absence of 


discon:!ort or inconvenience to the patient 
rather than by any arbitrary twenty-four—hour 
urine volume. Pitressin may be administered 
by periodic injections of the long-acting prepa- 
ration (Pitressin tannate in oil, 2 to 5 units 
every two to three days) or, more conveniently, 
by the use of nasal insufflation of pituitary 
powder two to four times daily. Occasional pa- 
tients are unable to tolerate the intranasal 
preparation because of local irritation. 


REFERENCES 


. BLtacksurn, C. M., ALBert, A., SviEN, H. J. and 
Urntein, A. Behavior of urinary gonadotropin 
following hypophysectomy in man. Proc. Staff 
Meet., Mayo Clin., 31: 649, 1956. 

. Crark, E. C., Dopce, H. W. and RanpbaALt, R. V. 
Therapeutic problems in diabetes insipidus. 
J. A.M. A., 163: 341, 1957. 

. Li, M. C., Ratt, J. E., MacLean, J. P., Lipsetr, 
M. B., Ray, B. S. and Pearson, O. H. Thyroid 
function following hypophysectomy in man. J. 
Clin. Endocrinol., 15: 1228, Oct., 1955. 

. Lipsett, M. B., MacLean, J. P., West, C. D., Lt, 
M. C. and Pearson, O. H. An analysis of the 
polyuria induced by hypophysectomy in man. 
J. Clin. Endocrinol., 16: 183, 1956. 

. Martin, M. M. Combined anterior pituitary and 
neurohypophyseal insufficiency. Study of body 
fluid spaces and renal function. J. Clin. Invest., 
38: 882, 1959. 

. O’ConnER, W. J. Normal interphase in polyuria 
which follows section of supraoptico-hypophyseal 
tracts in the dog. Quart. J. Exper. Physiol., 37: 1, 
1952. 

. Rasen, M. S. Treatment of a pituitary dwarf with 
human growth hormone. J. Clin. Endocrinol., 
18: 1958. 

. Rosson, J. S. and Lamsie, A. T. Cortisone induced 
polyuria following hypophysectomy. Am. J. Med., 
16: 769, 1959. 


I 
2 
3 
587 


Current Status of Endocrine Homografts 
Using the Millipore Diffusion 
Chamber Technic 


JOHN R. Brooks, M.D. AND GeorGE J. 11, M.p., Boston, Massachusetts 


From the Department of Surgery, Harvard Medical School; 
and the Peter Bent Brigham Hospital, Boston, Massacbu- 


setts. This work was supported by Grant A-1425 from the 
U. S. Public Health Service. 


marreceees tissues, unlike liver or kidney tis- 
sues, may be transplanted in fragment 
form, remain alive and function without actual 
vessel-to-vessel connection with the host. The 
classic example of such transplantation was 
described by Halsted who showed that para- 
thyroid fragments inadvertently removed at 
thyroidectomy might be transplanted back into 
the neck, and that function in a high percentage 
of patients would result. Most workers in the 
field of endocrine tissue transplantation have 
employed fragmentation technics with the 
thought that multiple small pieces of tissue offer 
the largest surface area for diffusion of nutrients 
and metabolites. However, no proved perma- 
nent functional homografts of endocrine tissue 
have as yet been accomplished in higher animals 
or man due presumably to the existing im- 
munologic differences between donor and 
recipient. In mice and rats, in which a degree of 
inbreeding may prevail, takes have been 
reported for ovary [21] and more recently for 
parathyroid [23]. Merwin and Hill [20] showed 
conclusively that tissues normally rejected by 
a host would survive as long as vascularization 
failed to take place (vascularization and survival 
may occur coincidentally in intracerebral trans- 
plantation). If vessels themselves grew into the 
graft, rejection occurred. Greene’s [16] trans- 
plants to the anterior chamber of the eye 
probably also rely for their success upon this 
same theory of avascularity. 

Experience with total thyroid and para- 
thyroid vascularized grafts has suggested that 
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there is a difference between these two endocrine 
glands in terms of transplant immunity. The 
thyroid is characteristically rejected. Those 
reporting clinical success [19,24,27] believe 
there is good (although not histologic) evidence 
that parathyroid tissue fails to evoke the 
immune response due to its small size or some 
other attribute, and for that reason is not 
rejected as is the larger organ, the thyroid. 

No endocrine deficiency state is a matter of 
life or death. For this reason, unlike the situa- 
tion with regard to the kidney in a patient dy- 
ing of renal failure, methods used to overcome 
the graft rejection cannot be life-endangering. 
Total body radiation of the recipient and mas- 
sive chemical therapy of the patient have no 
place in such a therapeutic plan. 

Algire is credited with the development of a 
technic of homotransplantation which is well 
suited to endocrine tissue and appears to over- 
come the problem of graft rejection [28]. There 
is little doubt that intimate contact between 
graft and -host is essential to initiate the 
immunologic events leading to tissue rejection. 
Algire reasoned that homografted tissue might 
survive and avoid rejection by its host if it were 
protected from cellular contact with its host 
behind a porous membrane. His work with 
homografts serves to corroborate the now 
prevalent belief that the antibody involved in 
the homograft rejection is cell-bound. The cell 
to which this antibody is bound is most likely 
the lymphocyte or plasma cell. Algire further 
showed that tissue protected by a Millipore 
diffusion chamber could be transplanted from 
one animal to another of a totally different 
strain even if the recipient had been previously 
immunized by tissue from the same donor [3]. 
Unprotected tissue, of course, would be rejected 
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and more quickly so if the recipient had been 
previously challenged by the same donor. 

However, Algire also discovered that in a 
heterologous system, transplanted tissue was 

ot protected from rejection in previously im- 

munized hosts [2]. This finding suggested the 
presence of a non-cell—bound circulating anti- 
body capable of entering the chamber and 
causing an antigen-antibody response. 

Gorer [15] was able to isolate a cytotoxic 
substance from the serum of animals immunized 
against certain tumors. Using lymphomas of 
mice, Amos et al. [4] found that the Millipore 
chamber admitted isoantibody. Algire [z] also 
discovered that these membranes failed to block 
the entrance of antibodies. Recently from his 
laboratory have come data suggesting that 
tumors within diffusion chambers were occa- 
sionally destroyed when the recipient animal 
was in a state of hyperimmunization at the time 
of grafting. The relative concentration of anti- 
body to cells seems to be of importance here. 
Tumor grafts, heterologous grafts and hyper- 
immune states may result in excess circulating, 
free antibody production; however, this is an 
oversimplification of the concept. Normal cells 
in such diffusion chambers fail to produce a 
similar response and are not rejected. 

The concept of using the Millipore diffusion 
chamber for protecting homologous grafts of 
normal tissue relies completely for its success 
upon the theory of a cell-bound antibody. 
Typical early rejection of homografted tissue 
does not occur as long as the diffusion chamber 
remains celltight. The diffusion chamber is 
fashioned as shown in Figure 1. The membrane 
itself is a cellulose ester originally devised for 
use in bacterial counts of water.* The mem- 
branes used in tissue transplantation vary in 
size from a diameter of 17.5 mm. to larger ones. 
A chamber which is too large predisposes to 
clumping of cells and interferes with the proper 
cell interface with its nutritious medium. A 
chamber which is too small necessitates multi- 
ple transplants in order to get sufficient hor- 
mone bearing tissue into the recipient. The 
membranes are either 100 or 150 microns thick 
and have pore sizes of 0.45 micron. Larger pores 
(0.8 micron) permit the entrance of cells or 
parts of cells from without and therefore allow 
graft rejection. As seen in Figure 2, the periph- 
cry of the circular membrane is glued to a lucite 


“Supplied by the Millipore Filter Corporation, 
Bedford, Massachusetts. 
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Fic. 1. A diagrammatic representation of the Millipore 
diffusion chamber. 


ring to give it stability. Membranes 100 microns 
thick have nylon cloth incorporated into their 
substance for further rigidity. A lucite and 
acetone glue is used to fix the membrane to the 
rings and also to fuse the two halves of the 
chamber together, following introduction of 
tissue within the chamber. Sturgis has used 
slightly larger chambers and has not employed 
peripheral rings [10]. Delicate technic is neces- 
sary in handling tissue to be transplanted, and 
great care is required in the assembly of the 
chambers and final incorporation of tissue into 
them. Extensive experience with the chamber 
components has shown them to be non-toxic to 
tissues. 

In extensive experience with these chambers 
in rats, mice, dogs and humans, no instance of 
irritative tumor formation has occurred about 
the lucite and cellulose material. This finding is 
further corroborated by the tremendous clinical 
experience already gained with other kinds of 
plastics used in the treatment of various human 
defects. 

Small tissue fragments, minced into pieces of 
0.5 to 1 mg., are placed in tissue culture fluid 
containing antibiotics within the chamber, 
which is then sealed as shown in Figure 2. Such 
chambers, sterilized by ethylene oxide, are then 
buried in the recipient in varying sites. The 
rectus muscles, pectoral muscles, axilla, groin, 
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Fic. 2. Steps used in the construction of the Millipore chamber. 


femoral region and the broad ligaments have 
been used in human subjects. In animals, sites 
of implantation have been more varied and have 
included the spleen, omentum, free peritoneum, 


retroperitoneal area, soft tissues of the ab- 
dominal wall, thigh, flank and chest, and 
perirenal, intrathoracic and intracervical areas. 

Study of Millipore chambers has shown that 
oxygen and carbon dioxide diffuse easily across 
the membrane, although oxygen is less diffusi- 
ble. The membrane also allows passage of 
electrolytes, glucose, amino acids and _ hor- 
mones. Estrogens and adrenal steroids have 
been shown to pass through [io]. Bio-assay 
technics demonstrate that parathormone, thy- 
roglobulin and insulin also escape easily 
through the membrane. Bone marrow and bone 
fragments [11] grow and show mitotic activity 
within the chamber [6]. 

The smaller diffusion chambers can be loaded 
with 10 to 20 mg. of tissue. More tissue within 
the chamber appears to interfere with proper 
growth and function. As many as forty such 
chambers have been transplanted into one dog, 
and thirty-four into one human without sig- 
nificant reaction. The host builds up an 
encapsulating membrane about the chamber of 
varying thickness, depending partly upon the 
particular animal and the site of implantation. 
Chambers placed free mn the peritoneum become 
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encased in omentum. Frequently a_ small 
amount of fluid is encountered between the 
Millipore chamber and the surrounding fibrous 
membrane. Occasionally pus escapes from this 
area. The implication that this host membrane 
and fluid have on graft survival and function 
will be discussed shortly. Every possible care 
must be taken to avoid bleeding and trauma to 
the site of implantation. 

There have been scattered occasions when 
infection has surrounded a Millipore chamber in 
the experimental animal. To date, no case of 
sepsis has occurred in humans. 


ADRENAL HOMOTRANSPLANTATION 


Early experience with normal endocrine tis- 
sue homotransplantation using the Millipore 
technic was obtained with the adrenal gland in 
rats. The literature has scattered reports of 
successful adrenal homotransplantation in lower 
animals (mouse, rat and guinea pig). Most of 
these have been successful only when placed in 
special sites such as the brain or anterior eye 
chamber [22]. Brooks [7] and others were unable 
to achieve any long term success with adrenal 
homotransplantation in the rat using un- 
protected fragments. Characteristic rejection 
occurred at an average of two weeks post- 
operatively with resulting death of the adrenal- 
ectomized animal. 


| 
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Much of the work with adrenal tissue 
homotransplantation in the Millipore chamber 
has been performed on rats of the Sprague- 
Dawley strain. These rats are not inbred but 
come from a colony that has been closed for a 
number of years in which random mating has 
taken place. In ninety-two attempts to cross 
homotransplant portions of skin between these 
animals, no permanent succésses were ob- 
tained, although in three animals prolonged 
survival (four to six weeks) of the skin graft did 
occur. This simply serves to emphasize again 
that in a large rat colony, despite no purposeful 
inbreeding, certain degrees of relative inbreed- 
ing may occur in a few members of the colony. 
These animals die in one to fourteen days fol- 
lowing total bilateral adrenalectomy unless 
supported by large amounts of salt in the diet. 
No accessory adrenals have been encountered. 
Those surviving adrenalectomy (approximately 
50 per cent) will die shortly after salt therapy is 
stopped. Thirty-eight per cent of animals re- 
ceiving autotransplants in Millipore chambers 
and 33 per cent receiving homografted adrenal 
tissue in Millipore chambers survived beyond 
the control period, some for as long as six 
months. Those animals surviving beyond the 
control period died once their chambers were 
removed. Histologic examination of these 
chambers (Fig. 3) revealed normal-appearing 
adrenal cells. There was little reaction around 
the chambers. Those failing to survive fall into a 
number of different categories. First, obvious 
disruption of the membrane may occur with 
resulting loss of protection and death of the 
graft. Second, simple unexplained fibrosis of the 
chamber may occur, suggesting proliferation of 
stromal elements and failure of parenchymal 
cell survival. Third, encirclement of the cham- 
ber occasionally takes place either by a thick 
fibrous shell representing host reaction to the 
chamber or by purulence with resulting death 
of the tissue within the chamber. Failure of the 
graft to survive is frequently a result of cham- 
ber disruption and sepsis but more often is 
associated with simple fibrosis of the tissue 
which takes place with the passage of time. 
Grafted tissues characteristically die either 
early after transplantation or, surviving through 
the usual homograft rejection period (twelve to 
sixteen days), die two to five months later. 

The later characteristic failure could be a 
phenomenon of late rejection due to immuno- 
logic mechanisms, but this seems unlikely as no 
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Fic. 3. Homografted adrenal tissue in a rat at twenty- 
five weeks. 


host cells are found within such chambers and 
no histologic evidence for the typical graft 
rejection can be found. The 65 per cent failure 
rate with adrenal transplantation, common to 
autotransplants as well as homotransplants, 
seems best attributed to faulty tissue metabo- 
lism within the chamber. This appears to be 
secondary to a gradual fibrotic interference with 
the pore interface between graft and circulation 
supplying it outside. Interference with outward 
disposal of breakdown products of metabolism 
may be an especially important factor. 

An initial discouraging trial of Millipore 
chamber homotransplantation of adrenal tissue 
in adrenalectomized dogs has resulted in slight 
prolongation of survival in some animals but 
not a significant long term success. Sepsis 
developed in most animals in the region of 
multiple Millipore chamber transplants [7]. 
Similarly, Egdahl et al. [12b] were unable to 
obtain functional adrenal grafts in dogs or 
rabbits in Millipore chambers. Further work 
is needed in this field to evaluate this aspect of 
adrenal transplantation in higher animals. No 
Millipore transplant work has yet been 
attempted in humans. 


PARATHYROID HOMOTRANSPLANTATION 


The large amount of literature on parathyroid 
homotransplantation already suggests that the 
parathyroid may have special antigenic proper- 
ties and conceivably be immunologically unlike 
other endocrine organs. Early reports by 
Goodman [14] and Stone et al. [25] suggested 
that parathyroid homotransplantation in ani- 
mals was possible. However, no positive proof 
of success was obtained. Gaillard [13], combin- 
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ing a technic of tissue culture with the use of 
unprotected embryonic or adenomatous para- 
thyroid tissue fragments, reported a significant 
success rate for parathyroid homografting in 
humans. Again, however, no histologic proof of 
success has been obtained in these patients. 
The clinical improvement noted suggests either 
viability of the transplanted fragments or 
adaptation of the patient to the hypopara- 
thyroid state. 

Most workers have noted that when an 
embryonic or neonatal thyroid-parathyroid 
graft is performed by vessel-to-vessel anasto- 
mosis with the recipient, the thyroid compo- 
nent is rejected [78]. Some authors suggest that 
functioning parathyroid tissue may well persist 
beyond the time of thyroid rejection and base 
their statements upon “clinical improvement” 
in the patient. However, histologic data is 
missing in these cases and for that reason end 
results are hard to interpret. 

The recent study by Russell and Gittes [23] 
has re-emphasized the concept of antigenic 
variability between various organs. They 


showed that functioning parathyroid homo- 
transplants could be obtained between dis- 
similar strains of rat (Wistar to Hooded) 
despite the fact that these same animals char- 


acteristically rejected skin cross-homotrans- 
plants. They found, however, that once an 
animal was “immunized” by a large skin graft 
from another unrelated animal, such a re- 
cipient was then intolerant of even a small 
parathyroid fragment. These experiments were 
performed without the Millipore chamber 
technic. It is conceivable that in certain animals 
the small size of a parathyroid may make it, in 
some instances, incapable of producing an anti- 
body response on the part of the recipient, and 
this alone may account for the apparently 
successful parathyroid grafts using technics 
that fail in any way to protect the graft from 
the normal immune response. 

Wilson et al. [29], in the course of a study of 
canine parathyroidectomy and homotrans- 
plantation using the Millipore membrane 
technic, corroborated the earlier findings of 
Dragstedt who showed that subtotal para- 
thyroidectomy results in death of the animal 
unless it is supported by calcium. Careful early 
support of the parathyroidectomized animal in 
the postoperative period and continuation of 
support for a period of weeks allow gradual 
withdrawal of calcium support without death 


of the animal despite parathyroidectomy. This 
apparent adaptation of the animal to his 
hypoparathyroid state further confuses the 
problems relating to clinical parathyroid graft- 
ing and conclusions as to their functional ability. 
Using the Millipore chamber technic, these 
workers were unable to obtain significant 
parathyroid tissue growth following homo- 
transplantation. Only a few parathyroid cells 
could be seen along the membrane wall, and 
removal of these chambers produced no sig- 
nificant change in the serum calcium level of 
these animals. The failure of such animals to die 
following removal of Millipore-grafted para- 
thyroid tissue is clear-cut evidence of the 
development of adaptation to the hypopara- 
thyroid state. 

Jordan et al. [79] were unable to obtain any 
significant success with canine parathyroid 
autotransplantation in the Millipore chamber. 
This was in sharp contrast to an 88 per cent 
success rate when direct vessel-to-vessel anasto- 
mosis was performed between the donor 
thyroparathyroid complex and recipient. Swan 
and Hallin [26] reported equivocal results in 
dogs using the diffusion chamber technic. They 
found that the development of fibroplasia in the 
chamber was a common occurrence. This, they 
believed, resulted in death of the epithelial 
components of the graft. No long term successes 
were obtained. 

Brooks [7] and others have had experience 


‘with parathyroid homotransplantation in six 


patients employing the Millipore technic. In 
three of these patients a very definite initial rise 
was noted in the serum calcium level. In all 
patients this immediate “passive transfer”’ of 
hormone at the time of grafting appeared to be 
short-lived, and calcium values of two of three 
patients returned to hypoparathyroid levels 
within a week or ten days. In one patient, two 
attempts to transplant parathyroid tissue using 
the diffusion chamber technic have been made, 
and no long term success has been obtained. 
However, one of several imbedded chambers 
was removed at the end of four months and 
showed normal-appearing parathyroid cells 
with no evidence of rejection or fibrous over- 
growth. (Fig. 4.) Two possible conclusions can 
be considered: either an inadequate amount of 
tissue was transplanted and survived or, despite 
their normal appearance, these cells may not 
have normal function. The second patient has 
been a clinical success to the time of this writ- 
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Fic. 4. Homografted human parathyroid tissue at five months. Reinforcing 


nylon strands can be seen. 


ing, now some six months following insertion of 
the Millipore chambers. The calcium levels are 
back to normal and calcium requirements are 
greatly reduced. The third patient probably 
represents a failure, as clinical symptoms of 
hypoparathyroidism have continued. 

The parathyroid appears to have characteris- 
tics that make it, theoretically, highly suitable 
for homotransplantation. Its theoretic low 
antigenicity, low oxygen requirements and 
small size to hormone-production ratio all make 
it potentially transplantable. The Millipore 
chamber technic appears to be a_ possible 
mechanism for accomplishing this. 


THYROID HOMOTRANSPLANTATION 


Although clinically the need for thyroid hor- 
mone replacement by grafting is not great, 
nevertheless this gland has characteristics that 
make it suitable for the study of endocrine 
tissue transplantation. Thyroid tissue lends 
itself well to the Millipore chamber technic of 
transplantation. It easily withstands frag- 
mentation, its oxygen requirements are not as 
great as those of the liver or 2. -enal (although 
greater than ovary or parathyroid), and it has a 
readily available tag (1'*!) to determine viabil- 
ity and function in vivo. Brooks et al. [8] have 
reported their experiences with thyroid tissue 
homotransplantation in the rat, dog and 
iuman. Animals were thyroidectomized and 
then received thyroid homografts. At varying 
intervals following transplantation, radioactive 
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iodine was given to these animals, and there- 
after the Millipore chambers recovered. Half of 
each chamber was studied histologically and 
half was prepared for radioactive iodine count- 
ing. Table 1 reveals the percentage of successful 
grafts against time. It is apparent that a 
definite fall-off in percentage of good grafts 
occurs with the passage of time. Histologically, 
normal thyroid tissue correlated well with 
radioactive iodine uptake. Figure 5 shows 
localization of radioactivity in the chamber 
where thyroid follicles exist. Again, as with 
other endocrine organs in the Millipore cham- 
ber, the fall-off in percentage of successful 
grafts with the passage of time appears asso- 
ciated with an overgrowth of fibrous tissue 


TABLE I 
SUMMARY OF OBSERVATIONS ON EIGHTY-FOUR 
MILLIPORE CHAMBERS CONTAINING HOMOGRAFTED 
RAT THYROID TISSUE* 


Removal Time Following 
Transplantation (mo.) 
Observations 


Total 


Number of chambers examined 

84 

Containing viable thyroid 47 

Containing leukocytes, fibrous or 
necrotic tissue 

Per cent of chambers which 
contained viable thyroid 


37 
£6 


* Rats were sacrificed at monthly intervals for histologic 
examination of the transplanted tissue. 
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Fic. 5. Microautoradiograph and corresponding tissue 
section showing localization of radioactivity in follicular 
areas of the homotransplanted rat tissue. Homotrans- 
plant, within HA (0.45 micron) filter chamber, was 
removed two months after implantation. 


within the chamber and not due to simple 
rejection or passage of host cells into the 
chamber. The reaction about these chambers 
varies from minimal to quite severe, and this 
response on the part of the host to the lucite 
ring and its membrane certainly has bearing in 
terms of graft success. After four to five months 
the rate of successful takes falls precipitously, 
and at the end of nine to ten months ony a few 
chambers remain showing viable tissue. 

The assessment of thyroid tissue function 
within the chamber requires more evidence 
than the simple finding of radioactivity. It has 
been shown that amino acids pass through the 
Millipore membrane. Consequently, there is 
every reason to believe that the amino acid 
thyroxine also can pass. The work of Duthie 
et al. [12a] has recently further substantiated the 
fact that the larger molecule thyroglobulin can 
also be produced within the chamber and travel 
out to the host. This work was based on radio- 
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Fic. 6. Homografted human thyroid at ten weeks. Note 
fibrosis. 


chromatographic data of thyroid tissue grown 
in an isologous system in the Millipore chamber. 
Brooks and his group [8], in an early experience 
with radiochromatography, have shown that 
monoiodotyrosine is produced within the cham- 
bers in a homologous system, and there is every 
reason to believe that further data will show 
that the hormone thyroxine and thyroglobulin 
are also produced. 

Similar studies with species of higher order 
have been performed. Percentages of success 
are lower. Swan and Hallin [26] transplanted 
thyroid in» dogs and found late failure of 
viability, although one of their animals had 
normal-appearing thyroid tissue at 150 days. 
Brooks et al. [8] and Wilson et al. [29] have 
observed viable-appearing thyroid as long as 
160 days following transplantation. However, 
the percentage of successful long term takes in 
the dog appears to be distinctly lower than that 
in the rat. 

An experience with human thyroid homo- 
transplantation in volunteers has been reported 
by Brooks [9]. Normal thyroid tissue removed 
incidentially in the course of a thyroid opera- 
tion was transplanted to the rectus muscle o! 
volunteer recipients in Millipore chambers. 
These chambers were allowed to remain in situ 
for eight to ten weeks, at which time a tracer 
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Fic. 7. Follicle-stimulating hormone, luteinizing hormone, 17-ketosteroid levels and urethral cell 
cornification prior to grafting and eight months after grafting in a patient with Turner’s syndrome. 


dose of I'*! was given, and the chambers 
removed twenty-four hours later. No chambers 
were found to concentrate I'*!. Three of ten 
volunteers, however, had chambers that re- 
vealed thyroid tissue (Fig. 6) showing normal- 
appearing follicles with considerable fibrous 
tissue about them. These revealed no evidence 
of host cell infiltration and there was nothing to 
suggest a typical homograft rejection. Locally, 
in the site of transplantation, there was minimal 
fibrous tissue reaction but each chamber was 
surrounded by a thin film of scar tissue which 
presumably acted as a barrier to diffusion. It is 
reasonable to suppose that the failure of these 
follicles to take up radioactive iodine is in part a 
function of fibrous tissue about the follicles. 
Thyroid-stimulating hormone administration 
in animals appears to have had no effect upon 
the end result of thyroid homotransplantation. 


OVARIAN HOMOTRANSPLANTATION 


Castellanos and Sturgis [zo] have reported 
considerable success with ovarian tissue homo- 
transplantation between rats of the Sprague- 
Dawley strain and have based their proof of 


successful takes on an evaluation of the vaginal 
epithelium (degree of cornification), follicle- 
stimulating hormone and increase in weight of 
the castrate uterus after ovarian tissue trans- 
plantation. Forty per cent of their rats accepted 
grafts of ovarian tissue and these grafts func- 
tioned well. These workers have also had 
experience with the same technic in primates. 
Ovarian transplantation to castrate monkeys of 
one strain from monkeys of another has been 
successful, as shown by vaginal cell cornifica- 
tion, uterine bleeding and urinary follicle- 
stimulating hormone values. In such cases 
approximately 600 mg. of tissue has been 
transplanted. In several cases, human ovarian 
tissue has also been successfully transplanted 
to a monkey in diffusion chambers with 
resulting evidence of function. 

Work by many others in the field of ovarian 
tissue transplantation also suggests that possi- 
bly the ovary, like the parathyroid, has certain 
immunologic differences from other endocrines. 
Successful transplantation of ovarian tissue 
has been reported in rodents and other animals 
when presumably homologous systems are 
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Fic. 8. Homografted human ovarian tissue three months 
following transplantation. 


involved [21]. Successful ovarian grafts in 
animals of higher order, however, have not been 
reported until this time. It is interesting to note 
that the oxygen requirements of the ovary are 
almost the lowest in the endocrine family, and 
this in itself is of utmost importance in main- 
taining the viability of these cells. 

However, the long term results with ovarian 
tissue transplantation coincide well with those 
described for thyroid and adrenal. At the end 
of four to six months, gradual fibrosis appears 
in the chamber and function seems to decrease 
and stop. At this point, follicle-stimulating hor- 
mone values rise and cornification of vaginal 
cells disappears as more and more fibrosis 
appears in the chambers. 

Of five patients with Turner’s syndrome 
(ovarian dwarfism), successful early response 
was obtained in four following the homotrans- 
plantation of approximately 2 gm. of ovarian 
tissue from normal donors [ro]. Figure 7 is 
representative of this group and reveals 
persistent vaginal cell cornification following 


Ovarian tissue homotransplantation in the 
Millipore chamber for a period of six to seven 
months with an associated drop in the follicle- 
stimulating hormone level at five to six months. 
Sites of transplantation in these patients were 
the rectus muscle and broad ligaments. Longer 
functioning human ovarian grafts have not 
been reported. Later microscopic examination 
of one such Millipore chamber removed from a 
patient revealed normal-appearing ovarian cells. 
(Fig. 8.) The longest graft survival in this group 
of patients and the most impressive laboratory 
data were found in one patient with a female 
chromatin pattern. The other four dwarfs 
exhibited the male chromatin pattern. 

Here again, unquestionable early functional 
success and late functional failure appear to be 
the usual course. 


PANCREATIC HOMOTRANSPLANTATION 


Adaptation of the Millipore chamber technic 
to the transplantation of islet cell tissue has 
been begun by Brooks [7] and his co-workers. 
This double-functioning gland presents certain 
additional problems that are still not completely 
solved. Early experience with pancreatic homo- 
transplantation in the rat revealed difficulties 
relating to tryptic digestion of the transplant 
once it had been fragmented. However, short 
term survival of pancreatic tissue was obtained 
beyond the normally expected time of rejection. 
At the present time various technics are being 
explored with the hope of obtaining pure islet 
cell tissue without the acinar component. Such 
technics have included ligation of ducts, dis- 
section of islet cells, ethionine therapy and 
growth in tissue culture. Further evaluation of 
the use of embryonic pancreas is also underway. 
The great need for evaluation of cell function 
within the Millipore chamber has been solved 
for the pancreas by the use of the method of 
Ball et al. [5]. In such a way, tissue to be 
grafted can be assayed for function prior to 
transplantation. 

Brooks [7] and his co-workers have had a 
recent experience with homotransplantation of 
islet cell tissue to two totally diabetic patients. 
In this instance, tissue was taken from a patient 
with an insulin adenoma. The tissue was placed 
immediately in Millipore chambers which were 
then placed in tissue culture. Three days later, 
these chambers were transplanted to two pa- 
tients with diabetes. Seventeen such chambers 
were used and they carried approximately 


596 


ave 
7 i.e a 
Sages 

= 

| 


Endocrine Homografts and Millipore Diffusion Chamber Technic 


TABLE 1 
OXYGEN UPTAKE OF VARIOUS ENDOCRINE TISSUES 
IN COMPARISON WITH FETAL LIVER 
(PRELIMINARY OBSERVATIONS) 


TABLE 111 
CARBON DIOXIDE PRODUCTION BY MINCED LIVER 
ENCLOSED WITHIN MILLIPORE DIFFUSION CHAMBERS 
OF TWO DIFFERENT THICKNESSES 


| 


Tissue (uM/gm. tissue/hr.) 


Liver (human fetal) 
\drenal (human and canine)... 
Chyroid (canine). 
Placenta (human).. . 
(human).... 
Parathyroid (canine) 


250 mg. of tissue to each recipient. In each pa- 
tient, an apparent immediate increased inci- 
dence of insulin reactions occurred within the 
first day. In both patients the present insulin 
requirements, now four months following graft- 
ing, are approximately 50 per cent of the 
requirements before grafting. 


PROBLEMS 


At the present time, the Millipore technic is 
in the experimental stage. Experience by 
various workers to date has, however, served to 
substantiate the following theories: (1) endo- 
crine tissue can survive and function within the 
Millipore chamber; (2) the host-graft rejection 
is overcome by the chamber; and (3) late 
failure and fibrosis of the graft takes place in 
all endocrine organs. It appears that this aspect 
of the problem in itself may be the determining 
factor in the eventual success or failure of this 
method. 

Diffusion of Oxygen and Metabolites. Major 
problems pertain to oxygen diffusion through 
the membrane. Endocrine tissues vary in their 
requirements for oxygen, as noted in Table 1. 
This may have relevant bearing on the success 
reported for parathyroid tissue viability as 
noted previously. Polarographic studies by 
Hill et al. [17] have shown that carbon dioxide 
diffusion through the Millipore membrane is 
not significantly impeded. However, oxygen 
transport across the membrane is reduced, 
despite the fact that the Millipore membrane 
ranks high on the list of substances allowing 
easy diffusion. Amos et al. [4] showed that 
diffusion of oxygen into a Millipore chamber 
within the peritoneum was slower than into the 
peritoneum itself. They also found that an 


CO, Production 
(uM/10o min./gm. tissue) 


Oxygen 
Concen- 
tration 

(%) Control 
without 
Chamber| Thick Chamber 
Walls 


(450 microns) 


Tissues Enclosed in 
Diffusion Chambers 


Thin Chamber 
Walls 


(100 microns) 


0.46 


0.77 
0.29 
0.16 0.21 


antibody injected into an animal could be 
recovered in a diffusion chamber in the perito- 
neum but only after some delay, suggesting 
membrane interference. Increasing the thick- 
ness of the Millipore membrane further impedes 
the flow of oxygen. If one considers the 
Millipore membrane as one barrier and the 
fibrous host membrane surrounding a chamber 
as another, considerable flow impedence must 
occur and proper oxygenation of a transplant 
probably cannot occur. 

Further evidence indicating interference by 
the membrane with normal tissue metabolism 
comes from the work of Hill et al. [77] with 
tissue production of carbon dioxide in a C'4 glu- 
cose system. Tissue placed behind a Millipore 
membrane 150 microns thick in a C'* tagged 
glucose substrate liberates less carbon dioxide 
than does tissue unimpeded by a membrane. 
Increasing the thickness of the membrane or 
lowering the oxygen tension in the system pro- 
duced striking further reduction in tissue 
metabolism. With oxygen saturation of 20 per 
cent, the metabolic process was further lowered, 
as shown in Table 111. 

As time passes following transplantation and 
as the host scar tissue encompasses the Millipore 
chamber, further interference with metabolism 
occurs. Conceivably, enzymes and other sub- 
stances important to metabolism are also 
impeded. Finally, escape of breakdown prod- 
ucts of metabolism may well be prevented. 

For these reasons, many attempts have been 
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made by workers in this field to construct 
thinner membranes, supporting them with 
nylon (thickness of 100 microns), and to use 
sites of implantation that can be expected to 
have higher oxygen concentrations. Preliminary 
attempts have been made in animals to in- 
corporate the tissue-containing chambers into 
the walls of major blood vessels. The location of 
these chambers in close proximity to major 
vessels seems desirable. The minimization of 
any tissue reaction is further desirable and may 
possibly be helped by the use of teflon rather 
than lucite rings to support the membrane. 
However, the membrane itself produces sig- 
nificant reaction about it and little can be done 
about this. 

Tissue Culture Technics. Careful handling 
and protection of tissue fragments to be 
transplanted are imperative. Adaptation of 
tissue culture technics to the Millipore chamber 
concept of transplantation has been accom- 
plished. Thyroid, parathyroid, adrenal and 
pancreatic fragments can all be grown satis- 
factorily in vitro within the Millipore chamber. 
Such tissues maintain normal histology and 
architecture for over two weeks. This period of 
time allows the transplanter to evaluate the 
viability and function of his fragments prior to 
grafting. The tissue culture technic also enables 
the transplanter to store endocrine fragments 
as in a bank for later use. 


CONCLUSIONS 


A combination of improvements in the 
Millipore chamber technic may lead to the 
desired results: the careful handling of embry- 
onic or adenomatous tissue by tissue culture 
methods, the proper site of Millipore chamber 
transplantation and eventual improvements in 
the chamber itself. These represent the areas 
for further investigation and trial ifthe Millipore 
chamber technic is to leave the experimental 
stage. 
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OLLOWING major surgery or trauma, pa- 

tients usually undergo a period of tissue 
depletion which is termed a catabolic response. 
This response can be attributed to an increased 
need for protein and calories for wound healing 
and energy. There is often a simultaneous de- 
crease in the intake of these nutrients, and the 
protein and energy stores of the body are 
utilized to make up the difference between 
expenditure and intake. This wasting may be 
detrimental to convalescence and, in seeking a 
solution to this problem, surgeons have made 
use of the experience of those in other fields 
attempting to minimize catabolism and pro- 
mote preservation of body tissue. Thus, 
investigations of the effect of anabolic steroids 
were stimulated by knowledge of the action of 
these agents in eunuchoidism, Cushing’s syn- 
drome, chronic malnutrition and osteoporosis. 
In all these conditions tissue anabolism is 
desirable and in each anabolic steroids produce 
benefit. 

Metabolic studies on traumatized patients 
have shown an increased excretion of nitrogen 
and the intracellular cation, potasstum. Most 
studies show an over-all negative balance of 
these elements suggesting that tissue protein is 
being dissipated. According to our present 
understanding, protein is of primary impor- 
tance in muscle contraction, oxygen transport 
and energy utilization. Indeed, most of the 
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processes that enable the organism to function 
bear a relationship to the adequacy of the 
protein stores. It is likewise accepted that 
sizable losses of protein and potassium are 
associated with interference with maximally 
effective performance. By this process of 
reasoning it is concluded that to minimize the 
catabolic response to trauma would be to 
shorten convalescence and hasten the return of 
full capacity for activity. It must be emphasized 
that this conclusion, although entirely logical, 
is difficult to prove by objective measurements. 

Since our target is the elimination of the 
protein catabolic state associated with trauma, 
let us examine the possible avenues to this goal. 
It is increasingly apparent that the period of 
starvation which almost invariably accom- 
panies trauma of any sort is of major impor- 
tance in the genesis of the catabolic state. When 
trauma is accompanied by infection and fever 
the demands upon the body’s protein stores are 
increased to the point where even ideal nutri- 
tional therapy will not maintain nitrogen 
balance. When surgery is uncomplicated, nitro- 
gen equilibrium can often be maintained by 
avoiding a starvation period. This demands the 
intravenous administration of adequate cal- 
ories and nitrogen. Avoidance of fever and 
starvation are substantiated procedures for 
minimizing or eliminating protein depletion 
following surgery. 

What other methods may we expect to be 
effective in helping to maintain nitrogen 
equilibrium? There are two theoretic possibili- 
ties: (1) reduce the total caloric expenditure 
and (2) redistribute the caloric expenditure so 
that protein is conserved and fat and carbo- 
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A. Intake Adequote; Patient In Caloric Equilibrium 


Dietary Dietary 
Fat Protein 


ENERGY 


Protein 


B. Intake - Hexose Only; Marked Caloric Deficit 


C. Intake - Protein Hydrolysate And Hexose 
Mild Caloric Deficit 


Dietary Dietary 
Fat Protein 


ENERGY 


Dietory Tissue 
CHO Protein 


D. Intake - Protein Hydrolysate And Hexose Plus Anabolic Agent 
Mild Caloric Deficit 


Dietary Dietory 
Fot Protein 


ENERGY 


Dietary 
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Fic. 1. A possible mechanism of protein sparing by anabolic agents is depicted. In each part the 
energy demand is 7 arbitrary units represented by arrows. A, in the normal state of caloric equilib- 
rium, 7 energy units enter the organism and 7 are utilized to produce energy. Some of the exogenous 
nutrients are burned directly, while the remainder replace tissue fat and protein which is converted 
to energy. B, this is analogous to the clinical stiuation when oral nutrition is stopped and supple- 
mentation is by intravenous sugar solutions alone. The caloric intake is grossly inadequate and 
depletion of tissue fat and protein occurs. C, when supplementation is accomplished with intra- 
venous protein hydrolysates and concentrated hexose solutions totalling 4 energy units, there is 
still a deficit of 1 unit of tissue protein and 2 units of tissue fat. D, in this situation there is still a 
negative caloric balance of 3 units, but under the influence of the anabolic agent the deficit is all 
derived from tissue fat. Tissue protein is in equilibrium and no depletion occurs. 


hydrate provide a greater proportion of the 
energy. The first possibility may be accom- 
plished through the use of hypothermia, but 
the end probably does not justify. the means. 
The second possibility is an attractive one. 
There is evidence to suggest that anabolic 
steroids do indeed influence metabolic pathways 
toward decreasing the proportion of energy 
derived from protein. Since total energy 
utilization is not affected by these agents [1], 
the assumption must be made that a larger 
proportion is derived from either fat or carbo- 
hydrate. Of these two energy sources, only fat 
exists in the body in quantities sufficient to 
deliver an appreciable amount of energy over a 
period of days. 

There are sparse data bearing upon the 
mechanism by which anabolic steroids may 
exert a beneficial effect upon protein metabo- 


lism, but the statement of a few facts will 
prevent confusion. First, the total energy 
expenditure of the organism is not reduced by 
these agents. Second, they do not act in 
contradiction to the law of conservation of 
energy. Figure 1 is a schematic representation 
of situations which occur clinically as a result 
of varying nutritional programs. The normal 
state is shown in Figure 1A with exogenous 
(dietary) energy units equalling energy demand. 
In Figure 1B the dietary intake is limited to 
intravenous hexose solutions and tissue deple- 
tion is marked. Figure 1C shows how tissue 
depletion may be reduced by the institution of 
suitable intravenous nutrition. However, tissue 
fat and protein are still in negative balance. 
Figure 1D shows a likely action of the anabolic 
agent. Caloric balance remains negative but the 
deficit is now made up entirely from tissue fat. 
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Fic. 2. Structural formulas of several steroids showing 
the chemical similarity of pharmacologically different 
agents. 


Protein stores are in equilibrium. The measure- 
ments of body fat by Gilder and associates [2] 
support this hypothesis. 

The mechanism by which this metabolic 
alteration occurs is probably a direct action of 
the anabolic hormone upon the tricarboxylic 
acid cycle [3] and not an influence upon adrenal 
and pituitary hormones. Depression of the 
plasma and urinary 17-hydroxycorticoids has 
been reported [4,5] following anabolic steroid 
administration, but our observations and those 
of others [6,7] do not confirm this as being a 
likely mechanism. 


THE AGENTS 


Definition. The term anabolic steroids refers 
to a group of chemically related substances 
exerting similar physiologic influences. Most of 
the chemicals in this group occur naturally, 
originating in the adrenals and gonads, while 
others have been synthesized. The chemical 
attribute relating these compounds is simple 
but not unique: They all possess the cyclo- 
pentanoperhydrophenanthrene nucleus. How- 
ever, this nucleus is found also in cholesterol 
which is hormonally inert and in the catabolic 
adrenal steroids. There is no single chemical 
group attached to this nucleus to which can be 
ascribed responsibility for anabolic activity. 
Figure 2 shows the chemical similarity of corti- 
sone (catabolic steroid), testosterone and 
estradiol (anabolic steroids). 

Physiologic properties common to all known 
anabolic hormones are two: all stimulate some 
secondary sex characteristics and by definition 
all have a “constructive effect” upon metabo- 
lism. This last property deserves simplification. 
Although anabolism is defined simply as con- 
structive metabolism, the term is used to de- 
note only constructive protein metabolism. 
Evidence of an anabolic state may be as 
concrete as a visible increase in muscle mass 
and strength or as intangible as a positive 
nitrogen balance. 
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Since chemical structure is meaningless in 
prédicting the physiologic action of any 
individual anabolic steroid, it is essential that 
each be defined not only by name but also by 
quantification of its two fundamental activities. 
The influence of each compound upon sec- 
ondary sex organs can be assayed in the cock’s 
comb [8], the rat’s prostate or the mouse’s 
uterus. The anabolic effect may be measured by 
nitrogen balance studies or by changes in the 
weight of the levator ani muscles of the rat [9]. 
These two parameters may not be constant in 
all animals or in all nutritional or stressful 
situations but they do constitute the most use- 
ful way of defining the expected activity of the 
compounds in this group. 

It is provocative to learn that even the 
androgenicity of any particular agent may not 
be complete, in that a particular compound 
may stimulate phallic growth without pro- 
moting hirsutism or voice deepening [ro]. The 
anabolic effect measured by individual muscle 
growth is not uniform but, at least in the 
guinea pig, is predominant in the muscles of 
the neck and upper extremities [11]. In addi- 
tion, the length of time that any continuously 
administered agent exerts its anabolic effect 
varies considerably [10]. These observations 
emphasize the fact that every action of a 
potentially useful agent should be evaluated, 
not only in animals but also in humans, before 
we may be certain we understand its pharma- 
cologic action. A third property common to 
many anabolic steroids is a tendency to produce 
sodium retention, and some quantification of 
this tendency is necessary to predict clinical 
usefulness. 

Although pituitary growth hormone is not an 
anabolic steroid, it seems to possess anabolic 
properties which are of considerable interest. 
It should be mentioned in passing that this 
substance, when available for clinical use, may 
prove to be the most valuable of the anabolic 
agents. Most of the available studies have 
shown encouraging results [12-15]. Because of 
the discouraging reports following the admin- 
istration to man of growth hormones derived 
from cattle, it has been generally accepted that 
the growth hormone derived from primates, or 
an active synthetic compound possessing 
similar qualities, is needed before more human 
studies are made. Proper evaluation of growth 
hormone must await further studies. 

History and Rationale. From the beginning 
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if recorded history the effect of deprivation of 
testicular hormones has been observed. The 
next step, that of treatment with testicular 
‘xtract, was taken by medieval practitioners. 
The isolation in crystalline form of andros- 
terone in 1931 and testosterone in 1935 brought 
this field from the mystical to the scientific 
nlane. As androgen replacement therapy be- 
came common it became obvious that in addi- 
tion to altering sexual characteristics, androgens 
seemed to alter body composition in the direc- 
tion of less fat and more protein tissue or 
muscle. Muscle hypertrophy in castrate rats 
could be produced by these agents. In the hu- 
man, less direct methods were of necessity 
employed. Balance studies showed a reproduci- 
ble nitrogen-retaining effect attributable to a 
variety of androgens. The nitrogen balance, 
which indicates the state of protein metabolism 
but gives no definition of the total effect of 
these steroids, remains the only yardstick we 
have for measuring the anabolic effect of these 
steroids in the human. 


METABOLIC ACTIVITY 


Interest and investigation in anabolic steroids 
is sustained by the hope that eventually a 
definite statement can be made delineating the 
clinical role of these agents. To date, en- 
couraging reports have appeared which indicate 
that the catabolic reaction may be minimized 
and the appetite and mental outlook of the 
patient improved. 

There is little doubt that in a variety of dis- 
ease and traumatic states, anabolic steroids 
influence the nitrogen balance in a positive 
direction. It is generally accepted that this 
effect is almost negligible if the nutritional 
intake is grossly inadequate either in calories 
or protein. The physiologic groundwork was 
laid by Kochakian and Murlin [1] and by 
Kenyon and associates [16]. One of the first 
surgical studies was performed in burn patients 
by Abbott and associates [17], who found that 
less nitrogen wasting apparently occurred in 
those patients receiving testosterone propio- 
nate. Abbott, Kreiger and Levey [18,19] studied 
patients undergoing gastrectomy and other 
forms of major surgical trauma, and reported 
that the patients receiving anabolic steroids 
had smaller nitrogen deficits and less loss of 
body weight than a similar group of untreated 
patients who had undergone comparable opera- 
tions. Gilder and her associates [20] sub- 


sequently studied the response to gastrectomy 
and reached a similar conclusion. 

In a nicely controlled study of patients after 
hysterectomy and receiving a good nitrogen 
intake, Peden and associates [27] demonstrated 
substantial nitrogen retention in those patients 
receiving anabolic steroid. These treated pa- 
tients had average positive balances of over 
1 gm. daily during the first postoperative week, 
while untreated patients had average deficits of 
approximately 3 gm. daily. Forsythe [22] pre- 
sented data from a long term study of four 
persons who were severely depleted following 
injury. These patients were recovering and were 
in positive nitrogen balance at the beginning of 
the study. Nitrogen retention was significantly 
increased by the use of an anabolic agent. When 
these patients were maintained on modest 
protein intakes the administration of testos- 
terone approximately doubled the nitrogen 
retained. We have recently investigated the 
influence of anabolic agents upon nitrogen 
balance following herniorrhaphy. In accord with 
these previous studies, a favorable effect upon 
nitrogen balance was noted. It must be empha- 
sized, however, that the investigators who have 
studied these agents have not recommended the 
routine therapeutic use of anabolic agents in 
surgical patients. 

Figures 3 and 4 are summaries of metabolic 
data we have gathered showing the order of 
magnitude of the changes we usually observe 
following anabolic steroid therapy. The nitro- 
gen balance on the right side of Figure 3 shows 
the expected moderate nitrogen deficit of a 
female undergoing major surgery and experi- 
encing a short febrile episode. Unlike males, 
whose deficits on this regimen are usually twice 
this large, she had a deficit of approximately 
3 gm. of nitrogen daily during the early post- 
operative period. The patient on the left (O. S.) 
received an anabolic steroid and, on an other- 
wise similar nutritional regimen, remained 
essentially in nitrogen equilibrium. 

Figure 4 shows the nitrogen balance of two 
males having similar operations and receiving 
similar nutrition. The patient receiving the 
anabolic agent remained essentially in nitrogen 
equilibrium, while the untreated patient demon- 
strated the usual moderate deficit seen in males 
undergoing operations of limited magnitude. 

Troublesome side effects have only rarely 
been noted by investigators using these agents 
clinically. Certainly there are a number of 
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Fic. 3. Metabolic data from two female patients having gastric resections and 
given modest intakes of nitrogen and calories. The intake is plotted upward 
from the zero line while nitrogen excretion in urine, feces and drainage is 
plotted downward from the top of the intake column. The number beneath the 
bracket indicates the cumulative nitrogen balance for the period indicated. The 
first patient (O. S.) received an anabolic agent. She showed a small positive 
nitrogen balance for the five-day period beginning on the day of surgery, while 
the patient who received a comparable nutritional regimen without steroid 
showed a negative balance of 14 gm. (From: Ho.pen, W. D., Kriecer, H., 
Levey, S. and Assortrt, W. E. The effect of nutrition on nitrogen metabolism in 
the surgical patient. Ann. Surg., 146: 563, 1957.) 


agents with sufficiently low androgenicity to 
permit reasonably long term administration. It 
is our belief that moderate salt restriction in the 
range of 60 to 80 mEq. of sodium per day is a 
desirable precaution when these agents are 
used, except when abnormal extrarenal losses 
occur. However, several of the patients we have 
studied, while receiving these agents, have had 
negative sodium balances of moderate magni- 
tude in spite of a modest salt intake. Avoidance 
of sodium overload is probably all that is 
necessary in the absence of cardiac, hepatic or 
renal disease or severe malnutrition. Hirsutism, 
deepening of the voice and other masculine char- 
acteristics, as well as a modest sodium reten- 
tion, have occasionally been noted in patients 
receiving testosterone propionate. Although 
such alterations are rarely encountered when 
the newer testosterone derivatives are em- 
ployed, such changes, if they should occur, 


could be quickly reversed by stopping the drug 
or reducing the dosage temporarily. 

It has not been clearly established exactly 
what happens to the nitrogen which is retained 
under the influence of anabolic steroids. Holli- 
field, Crispell and Parson [23] showed that a 
greater percentage of labeled glycine was re- 
tained within the human body (and presumably 
incorporated into protein) following admin- 
istration of anabolic steroid. Their subject was 
a eunuch and these persons respond most 
dramatically to anabolic therapy, so the con- 
clusions cannot be universally applied. The 
results of Novak [24], working with mice, 
conflict with most of the established beliefs [25] 
in this field, perhaps because this animal has 
not been extensively used. Novak found that 
castration actually increased the amount of 
labeled amino acid incorporated into the 
protein of abdominal viscera. On the other 
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Fic. 4. Two male patients of comparable age and weight undergoing similar 
operations and receiving similar intakes of nitrogen and calories. Caloric intake 
is indicated by the figure in the nitrogen column. The first patient (W. D.) 
received an anabolic steroid and showed a nitrogen deficit of only 2 gm., while 
the untreated patient showed a deficit of 15 gm. during the same period. 


hand, muscle protein showed the expected 
response: administration of anabolic agents to 
castrates increased the incorporation of labeled 
amino acid into muscle. The method used in 
this work was the direct counting of the radio- 
activity of the tissue under investigation. It 
seems that if this method were extended to 
other animals, other anabolic agents and other 
circumstances, our understanding would profit. 

Apart from the nitrogen-retaining capacity 
of anabolic agents, some’ investigators have 
noted an effect more difficult to substantiate or 
measure. This is the sense of well-being which 
the treated patients exhibit. We have been 
impressed by the cooperativeness of these pa- 
tients, the smoothness of their postoperative 
course and their freedom from complications. 

One of the most convincing demonstrations 
of the anabolic activity of these compounds in 
the rat is their ability to neutralize the protein 
depletion induced by catabolic hormones. This 
has led to the clinical utilization of anabolic 
steroids in thyrotoxicosis [26] and Cushing’s 
syndrome [27] with encouraging results. The 
same line of reasoning has led to the recom- 
mendation by Reifenstein [28] that patients on 
long term corticosteroid therapy receive a 
“counteracting” anabolic agent. The necessity 
for this as a routine measure is questioned by 
others [29]. 
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There are preliminary reports of the use of 
anabolic steroids in acute renal failure [30,31], 
and certainly the logic of attempting to 
minimize urea production in this way is in 
accord with the accepted principles of the treat- 
ment of acute uremia. Again the results are 
encouraging but inconclusive. 


INDICATIONS 


It is apparent that the available evidence for 
the clinical usefulness of anabolic agents falls 
short of the evidence we believe would be con- 
clusive. Consequently, their use should be 
restricted to three categories: (1) controlled 
investigational situations; (2) severe subacute 
or chronic illness in which the nutritional 
status of the patient materially influences the 
course of recovery or the likelihood of survival; 
and (3) certain patients whose illness stems 
from an excess of antianabolic or catabolic 
hormones. 

In the first category there is the need for a 
study of the effect of anabolic agents upon se- 
verely traumatized patients conducted through- 
out the course of response to trauma. The 
patients should have roughly comparable in- 
juries, whether they be multiple war wounds, 
extensive burns, multiple fractures or mutilat- 
ing surgery. The patients must be categorized 
into control and treatment groups and studies 
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begun soon after injury, for if the drugs have an 
effect on the early response if would be far more 
significant than an effect on late convalescence. 
Most important, the groups must be large 
enough so that metabolic studies may be 
correlated with the clinical course. Such an 
investigation would certainly be difficult and is 
perhaps visionary. There are very few hospitals 
with sufficient patients and facilities to contem- 
plate such an undertaking. However, it could 
be a most valuable study. 

The second category in which the use of 
anabolic agents may be considered in the light 
of present knowledge includes those conditions 
associated with long periods of debility and 
wasting. Examples of such conditions are 
extensive burns, major fracture in elderly pa- 
tients and chronic intra-abdominal sepsis or 
fistula. The criteria for selection of these pa- 
tients is far from clear-cut but it must be 
emphasized that anabolic steroid therapy can 
never be considered a last ditch, desperate, 
life-saving measure. In cases of debilitating 
illness it will be at best a small adjunct to well 
planned, long term nutritional management. 

Finally, there are certain patients with 
thyrotoxicosis and Cushing’s disease in whom 
chronic protein depletion is severe enough to 
constitute a deterrent or contraindication to 
curative operation. In such a patient, anabolic 
steroid therapy could well be helpful in arrest- 
ing and reversing the catabolic state. 

In the same category should be considered 
osteoporosis. It is established that this condi- 
tion results from a withdrawal of gonadal 
anabolic steroids in the course of aging [32]. 
This withdrawal leaves the body with a rela- 
tive preponderance of catabolic steroids of 
adrenal origin. The most important con- 
sequence of the ensuing catabolic state is 
interference with formation of bone matrix. 

Controversy exists as to whether osteoporosis 
should be considered a disease or a natural 
process of aging. Certainly when this aging 
process results in fractures it must be con- 
sidered a disease, and it is logical to include 
anabolic steroid therapy in the long term treat- 
ment of the surgical complications of osteo- 
porosis. It is believed that anabolic agents of 
the androgenic type are most effective in 
producing an increase in bone matrix, while 
those of estrogenic derivation have an addi- 
tional beneficial effect upon calcium metabo- 
lism [33]. It is concluded that in osteoporosis a 
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combination of these agents should be used 
[32533]. 


CONCLUSIONS 


1. The clearest indication for the use 
of anabolic steroids in surgical patients is 
in those whose surgical problem is related to 
osteoporosis. 

2. Anabolic steroid therapy should be con- 
sidered in patients who are in a profound 
catabolic state. 

3. In diseases associated with excess produc- 
tion or administration of catabolic agents 
(Cushing’s syndrome, thyrotoxicosis, cortisone 
treatment), the use of anabolic agents is logical, 
harmless and in many instances may be 
indicated. 

4. There is hope that convalescence following 
average surgical procedures may be shortened 
by the use of these drugs. 

5. Testosterone cyclopentylpropionate, 17 
ethyl-19 nortestosterone and a number of other 
anabolic agents have been used extensively 
without troublesome side effects. Avoidance of 
salt overload is recommended when these 
agents are used. 

6. Anabolic steroid therapy should be con- 
sidered not as a substitute for sensible nutri- 
tional management, but asa useful adjunct toit. 
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Book Reviews 


Functional Bracing of the Upper Extremities. By 
Miles H. Anderson, Ep.p. Edited by Raymond E. 
Sollars. Charles C Thomas. Springfield, IIl.,. 1958. 
Price $9.50. 


The distinguishing feature of this volume, 
which is devoted entirely to the functional 
bracing of the upper extremity, is that it is the 
first of its kind. Basically, the book was written 
for use as course material in classes for para- 
medical training, but will serve a useful purpose 
for all those interested in rehabilitation prob- 
lems. Direction of this work in its 463 pages, 
well covered with illustrations, line drawings 
and photographs of various upper extremity 
braces, is toward the rational principles and 
technics of upper extremity bracing to prevent 
deformities and restore function. 

Unfortunately, too much stress has been 
made on the fabrication and fitting of the 
devices but, as the author states, it is antici- 
pated that revisions and additions will be made 
from time to time so most of these shortcomings 
will be eliminated. 

The author is to be congratulated in stimulat- 
ing the future need for further monographs and 
books concerning this specialized field. The 
book will serve as a reference guide to prosthe- 
tists, physical and occupational therapists, and 
orthopedic surgeons who are specifically inter- 
ested in upper extremity braces. 

Paut S. DERIAN, M.D. 


Treatment of Cancer and Allied Diseases, Volume I. 
Principles of Treatment. Edited by George T. Pack, 
M.D., F.A.c.S. and Irving M. Ariel, M.p., F.A.c.s. Second 
edition, 646 pages, 505 illustrations. Paul B. Hoeber, 
Inc. New York, 1958. Price $22.50. 


This is the first of nine volumes devoted 
exclusively to the clinical aspect of cancer 
management. Fifty-five authors, each chosen 
for his special knowledge of an aspect of the 
disease, contributed to the volume. 

In Volume I, general, fundamental informa- 
tion is presented for the treatment of tumors 
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of any region. The authors discuss the 
principles of cancer therapy and include such 
subjects as the prevention of cancer, technics 
of biopsy, preoperative and postoperative care 
of the patient with cancer and indications for, 
technics and accomplishments of radiation 
therapy. The section on radiation covers not 
only the most up-to-date voltage methods but 
also a thorough discussion of the use of the 
various radioactive isotopes. The volume closes 
with a discussion on end results. 

Subjects are covered in minute detail and the 
text should serve as an excellent reference for 
either the student or the practitioner. 

ARTHUR G. JAMES, M.D. 


BOOKS RECEIVED FOR REVIEW 


All books received will be acknowledged in this column. 
Insofar as possible, as space permits, books of special 
interest will receive more extensive reviews. 


Hypnosis in Anesthesiology. Milton J. Marmer, m.p., 
M.SC.MED.(ANES.). 150 pages. Charles C Thomas. 
Springfield, Ill., 1959. $6.75. 


Symposium on Glaucoma. (Transactions of New 
Orleans Academy of Ophthalmology.) Edited by Wil- 
liam B. Clark, M.p., F.A.c.s. 314 pages. C. V. Mosby 
Co. St. Louis, 1959. $13.50. 


Lectures on the-Interpretation of Pain in Orthopedic 
Practice. Arthur Steindler, M.p. (with anatomical dis- 
sections by Rodolfo Cosentino, M.p.). 733 pages. 
Charles C Thomas. Springfield, III., 1959. $18.50. 


Atlas of Roentgenographic Positions, Volumes 1 and 2. 
Vinita Merrill. Second edition, 663 pages. C. V. Mosby 
Co. St. Louis, 1959. $32.50. 


Gowland and Cairney’s Notes on Anatomy, Volume 3. 
Edited by W. E. Adams, with four contributors. 
Second edition, 475 pages. N. M. Peryer, Ltd. Christ- 
church, New Zealand, 1959. 


Heritable Disorders of Connective Tissue. Victor A. 
McKusick, m.p. Second edition, 333 pages. C. V. Mosby 
Co. St. Louis, 1960. $12.00. 


